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C ABSTRACT

.mode,;rn U.S. military radars and communicatior. e-uiizment

performance will Le stroLIy ir.fluenced Ly tL, enviro:mznt

it will Ie oteratirg in. one of tbe most im.)Ztat atmos-

phe,.c affects is ducting of electromagnetic enerj- by re-

fractive layers in the atmosphere. To assess th e affects of

duct.nq on electromagnetic emissions around Dianrar, Saudi

Arabia, a geometric optics model of wave propagation ievel-

ojed by Eaymond P. Wasky was modified and utilized. :his

thesis also attempted to show the correlation of wind direc-

ticn and wind speed to the establishment, location and

,ignts of lucts. Finaliy this thesis attemjite to dt-

mine if there was any correlation between the occurrence of

land-sea hreezes and ducting.
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I. INTRCLUCTION

A. BACKGECUND

!he United States (U.S.) rilitary anticipates fihting

outnumbered iin ary future conflict. Since Vietnam, molern-

ization of our forces has dragged, thereby permitting a de-

cay in the readiness cf our forces. At the same time, the

Soviet Union has increased defense expenlitures. The Sovi-

ets remain zomfitted to their goal of world socialism a.d

Soviet Policy jrocEeds on the lasis of military Dower.

Ccuntry 1973 1979 1981
United States 78,472 114,503 171,J00

I Soviet Union 92,000 241,000 2o7,J00

Figure 1: 'Defense
ExpEnditures (thousand S)

[Ref. 1, 2, & 3]' i

Major Army unit ccmmanders must be able to detect, t:ark

and destroy enemy targets deep in the enemy territory before

they reach tae fcrward-line-of-own-troojs (FLOT). Our com-

manders must have the time to adjust their own forces to Le

able to meet the enemy on a mcre even combat ratio when the

enemy reaches the 1LO. Thru an integrated collection ef-

fort and the use of sophisticated electronic e uipment, it

is the job of the intelligence community to find and locate

the enemy. Tc accomplish the above, effective use of the

electromagnetic sPectIum is essential.

The performance of any electromagnetic system varies with

the geographical region, tccgraphy, systems employment

confijuration and operating frequency. These jperformance

6
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characteristics are recagnized ly most planners, however i.

additioi- to these paraeters oLe must also consider meteoro-

logical elements. Most testing of electronic eulpmert is

performed anler normal con(itions. This is a tacticaI

shortconing becaise extreme Environmental coniticns may

have an adverse affect on a systems performance.

B. OBJECTIVE

-he objective oi this thesis is to determine the synoptic

meteorological conditions that uill severely affect electro-

magnetic (EM) propagation on the Arabian Peninsula. Atmos-

pheric refractivity, surface and elevated ducts, and lanJ-

sea breeze will be addressed.

C. THE DESERT ENVIRONMENT

The desert environment was selected as a type of environ-

mental/topcjraphical region for examining the affects of ex-

tremes. Radiosonde data recorded in Dhahran, Saudi Arabia

from 1978 to 1980 will be examined. The importance of this

data is for several reasons. first, the desert areas of tne

world comprise approximately 19 of the earth's land mass.

This is a significant portion of the total surface area

available for ground combat. Saudi Arabia encompasses an

area of 320,000 sjuarc miles, much of whici is desert [Ref.

4]. Second, several of the desert regions of the world have

a political and military significance because of their stra-

tegic location and valuable mineral Jeposits. The Arabian

oil fields account for about cne-half of tne known reserves

of the non-Communist world. 7hey also su1 iy aLout one-

4ifth of the world's total oil production reef. 5]. Saudi

Arabia was the largest producer of crude petroleum in

the Mid1e East and the third largest in the world in

4" '
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C ca T,t r -1974 1979198

Soviet Union 3,373,650 4,307, 100 4,432, J53
JI-nited States 3,202,585 -,I11, 625 947,9]q5
Saudi Arabia 2,96,543 ,479, 339 3, 53 ,00 J
Iran 2,197,700 1,121, 346 550, 000

I V'nezula 1,C86,333 860, 072 793,397 I
Kuwait 894,781 602, 000 912,610

I-a 720,729 1,252, 000 961,3 j

_igure.2: 'Crude
Oil Producticn Comparisons

(thousand 42-gal Larrels)
I Lref. 6, 7, 8, 5 9]

198 [Ref. 10. Thirdly, the desert has the most extreme

cases of abnorual atmospheric refractivity. Fourthly, a

worldwide analysis of upper atmospheric radiosonde data was

per:ormed by Ortenlurger (GTE, Sylvania 1973). Results in-

dicate that trade wind regions are the areas of significant

ducting. One area of prevalent ducting was found in the up-

per Indian Ocean and Persian Gulf. The probability of duct-

ing in this area is 60% [Ref. 11]. Finally, the dramatic

increase of Soviet military power in Asia, the Pacific Ocean

and the indian Ccean is the most significant military devel-

opment -n recent yEars. The Soviets have replaced and up-

graded erquipmert on their Southern Theater. Additionally,

their 105,000 troops in Afghanistan have altered the balance

cf Fower in the Indian Ocean and Persian Gulf -Ref. 12].
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I_. GENERAL DISCSSON, INTERRELATIONSHIPS AND

EQUATICNS

A. REFRACTIVITY

*11., transmissicn of electromagnetic (71) signals tnroluj

a medium is affected hy the ab~crption and re-emission of Z77

energy Ly the atcmic and molecular elements of that medium.

7he dielectric constant ( ) best describes tne ii.teraction

of the electric field with the iediua. As the EM wave in-

teracts with the new Medium, its speed chan.es and is deter-

mined by:

where : is the velccity in the vacuum and v is the velocity

in the medium. rather than deal with a velocity, physicists

dei.ne1 a new Farameter "Index cf Refraction" (n) where

V

A measure of the amount of refracticn experienced Lv a

ray as it Fasses through a surface which separates two me,7ia

of Iifferent densities is designated "n". It is 1e ratio

of the wavelength cr velocity of an Em wave in a vacuum to

that in the neu medium. When the EM wave passes from one

medium to another non-absorbing medium, the angle of -

dence e, and the angle of refraction 9. (See Fiyure 3) are te-

late1 by the principles of Snell's Law:

G, SIA $-' L ( E, 3)

nie nlex cf Pefracticn of a vacuum is one; of air is Ip-

proximately 1.000326; and, for %ater apfroximately 1.33.

9
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FijurE 3: 'Refraction of Incident Rays
I Ref. -] '

I

The relationzhip of the index of refraction to the atmos-

pheric pressure (P), water vapcr pressure (e), ind tempera-

ture (:) is given ty the following euation:

p --

where atmcspheric Eressure and the water vapor pressure ace

in. mill iars and temperature is in degrees Kelvi:,. The re-

suiting values of the index of refraction are awkward.

7herefore a new Fardmter "N", which is the refractivity, is

defined for convenience as follcws:

-1 us,

- -." - T

rf; Cf. 1 ].

,~ T-
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B. MODIFIED R~EFRACTuIVITY

( ThQ USE Df refractivity to deioict rEEZact-inh is 1iffi-

cult. ?7iictinj corditioi~s are identified by det-orminiinj its

char.> wi*-,hei-It. :n a normal _Situadtion, the :oefracjvit;-

Ucally modified :so that when its graldierit (dN/dZ) is3 a 1)'-.Li c

to EM p~roaation ove-r a hypothetical fliat earti- it I'S _s-

stontiall> c-uivalcnt to the prc~ajation ove r tiie real curve-d

earth w --th the actual refractivity.

f Thle 'Ioified Fefractive inlEx, ~, adds 157 I-anits ~c

kilomnutt-r to all N-values. I t i s d f in e a s:

I'

whe=r _ N is thae value of zefractivity at any heijt ~,adz

is in xilcmeters. M~ will incrEase with height in the stan-

dard atmoEFpheE. Also, when the ,-gradient (d.1/dZ) iLs zero

Ctie ray cl1rVature is iz (Uai to the reil Earth's curvatare. "I
versus height Erofiles are maiily used to obtain dictinj ir.-

formation (See? Chajter !I, Section D). 'Ref. 15]

*C. DN/DZ AND --/D2

A,, ripcrtant desEcription )f refr-activity is not its value

hut its jraliert. Refracti vity is a multi-variable parame-

ter and thus an Exrression for its Jraditis

F or an average standard condition, dN/2z is aj ,,roxin-ately

-40 Per KM. In ray tracing Frcblemns, the gradion ,t dl/dA cmi

h e u s, i t o obtain d ray -,dth curvature tnat is relative to

the c~irvature: C." the Earth.

11A



-.- - .--.-- wl' ~ ,- rr Crr C r

Classificaticn dN/dZ (/im) d /dZ (/m ) Ranje
I Subrefracticn >0 >157 Reduced

NorMal to -79 79 to 157 Normal I
Super FE:raction -79 to -157 0 to 79 i:creaseirap ping- <- 157 <0 In creased

Fi~ure 4: 'N M Gradients II [ Fef. 16]

Suorferaction .0

/ lNormal
- 7I

u n rSu er-refraCtio n

Figure 5: N Gradient Pictorial
[Ref. 17

*Standard (normal) propagaticn. results in a ray curvature

due to refracticn which has a value approximately one-fourth

that of the earth's curvature. This is ejuivalent to the

straight line Fropagation over a hypothetical earth whose

* radius is four-thirds the radius of actual earth. Subre-

fraction iroduces a less than normal downward bending or

12
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even aii upward hendin of radic waves as thIey, travel through

thE atmosphere. Thus, radar and ralic coveraje is I-
creased. Super refraction prcduces a greater than normal

downward LEn1ing of radio wavez as the; travel t>rouj, tit

atmosphtre. --his results in extenled radio .orizos anI in-

credse: rad:- cov.eraje. Strong sazer refraction ca:. prodice

skip effects in elevated layers or the trorosphere. Skip

effects occasicnally make it Ecssible to detect targets at

distances greater than the normal horizon while cioser tar-

gets remain undetected.

E. DUCTING

A dict is a shallow, almost horizontal layer in the at-

mospnere where 7M enercv is trapped. The trappinj layer is

where dN/dZ < -157 Knr and thus the ray will be bent toward

the earth. The trapping layer is the tcp of the duct. En-

ergy transmitted within the duct will be partially confined

and channeled Letweer the top and bottom of the duct. Duct-

ing occurs in several ways and can best be categorized by

the altitudes at which they are found:

Surface Ducts -average height less than 1,300 feet;

lvated Ducts average height 5,0C to 10,000 feet

Evaporatior. ZLcts-approxiaately 103 feet.

Evaporation ~ucts cnly occur over water.

These duct types are defined by Figures 6 thru 8. The

top of a duct corresponds to a height ahove the surface

where the M value is a miLimum. The duct base corresponds

to tht height at which a vertical line drawn downward from

the Doint of minimum :, value first intersects a point of

* eual A1 units or the surface. Eadar targets may be detected

at lc,' rdn'ges i: bCth target and radar are in the "uct.

The aftea just above a duct may have reduced radar coveraje.

An aircraft or missile flying just above the duct miglit not

be detected until very close to the radar, if at ali.

13
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Topp

eIevated layer
Z elevated duct

~~Cou~linK
Hei ght

I Bottom

Figure 6: 'Elevated Duct I
(Ref. 18]

I

z 1
duct I

M

Fiure 7: 'SurfaceL asd Duct Caused 1y]Surface LayerL 'Ref 1
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elevated layer

duct

M

Base urc 8: 'Surface
BaSd uct asedbyar. Elevated Layerj

L __ -20]

ai n

Elev dLay6' f or

~)\~adar

I igure 9: 'Radar Hole
[Ref. 21]



A luct will tra7 EM energy for only a selected freiuenzy

range. Minimum trapiing frejuencies :.ave been estaLiish.eC

because the limit is cn the low side. The minimum freuency

that wiil he trappEd is given by:

where d is the thickness of the duct in meters. 'Eef. 22]

E. LAND-SEA BREEZE

The land-sea breeze is the comlete cycle of the day-

night local winds cccuring on sea coasts due to the differ-

ences in surface temperature of the land and sea. The land

breeze component of the system blows from land to sea dfnd

the sea breeze blcws from sea tc land.

The basic principle of the sea breeze is that during the

day the land and the air over the land gets heated consider-

ahly, while the air over the sea changes slightly. The

warm, light air over the land then rises and is replaced by

the cooler air from the sea. The day time sea breeze sur-

passes in intensity the night time land breeze. The direc-

ticn of the sea breeze does not remain constant during the

course of tne day. 1he gradual change in the irection of

the sea breeze appears because of the affect of the Coriolis

Force.

At night the wind direction reverses, because the air

over the land becCmes cooler than the sea air. Now it is

the sea air which rises and the cooler land air that moves

out from the land as a land breeze. rRef. 23]

16I'S
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Figure 10: 'Hourl
Variation of Relative Win Velocity
at Hcek van Holland 31 Jily 1938

Ref. 24]
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III. SAUDI ARAEIAN WEATHER

Z. THE CCUNTEY

Saudi Arabia cccupies apprcximately four-fifths of tt e

AraLiai. Peinsula (see Figure 11). It is aDout the size of

the United States east of the Mississippi. The Aranian Pen-

insula is a plateau which slopes slightly toward the east.

It contains both the world's largest sand lesert, the Rub

al-Khaii, and maybe the world's largest oasis, al-Hasa. In

addition to the Pub al-Khali, cr "Empty 2uarter", the otner

two sand areas are the Great Nufud Desert and the Dahana De-

sert. Outside these deserts the surface is gravel, or in

the case of the west-central area the surface consists of

crumbled beds of lava. 'Ref. 25:

B. CLIMA7CLOGY

Saudi Arabia has a desert climate characterized by ex-

trewe heat during the day with an abrupt drop in temperature

at night and, a small but erratic rainfall. Along the

coastal regions of the Red Sea and the Persian Gulf the le-

sert temperature is moderated ty the closeness of those bod-

ies of water. Tesperatures seldom go over 100.F, but tr.e

relative humidity is usually over 85 percent. This combina-

ticn produces a hot mist during the day and a warm fog at

night. In Najd and the deserts a uniform climate prevails.

The average temperature is 112 0 F. Readings of ap to 133-F

are common. In the winter the temrerature seliom drops be-

low 320F, however, the almost total absence of humidity and

high wind-chill factor make for a cold atmosphere. In

spring and autumn t.e temieratrzes average 85F. Along the

western and eastern coastal strips the prevailing winds are

from the northern guadrant. A southerly wind is accompanied

18
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ail o nt1,i :ays o:
Merre 7ipitai: hnder-

lonth ( F) (-K) (in incles) stors

January 60.8 289 0.91 0. 44
February C. 2 292 0.63 1.44
March 72.9 296 0.16 0.56
April 79.0 299 0.51 1.44
:lay 88.5 304 0.03 0.22
Jane S4.5 308 0.04 3.10July S5. 9 309 0.00 J. 30

August 96.3 309 0.00 .0
Sep tember 92.E 307 0.00 3.00
Octcher 83.7 302 0.08 0.11
"ovember 73.8 296 0.28 0.67
December 63.5 291 0. 16 3.30

Figure 12: 'ean Temperatures and Precipitation
Values Ref 26 8 27]

by an increase in temperature and humidity aad by a particu-

lar kind of storm known in the Persian Gulf area as "kauf".

In late spring and early summer a strong northwesterly wind

called a "shamel", blows particularly severe in eastern Ara-

bia. The shamel produces sand and dust storms.

0

M1onth N NE E SE S SW W NW Calm

January 0 0 0 0 0 0 0 70 0
April 30 30 20 10 0 0 0 0 0 I

ay 19 4 6 4 2 6 25 33 10
July 60 10 1 0 C 0 0 0 20 0
Octcer 10 5 6 6 5 5 20 31 12

Figure 13: 'Surface Wind Data Analysis for Dhahran
LRef. 28 6 29] '

In winter, the Mediterranean cyclones (lows) moving west

to east in association with upper troughs and jet streams,

are considered the main rain producing systews. The distri-

bution of winter rainfall shows maximum values in the penin-

sula's ncrthern part and a gradual decrease in the lowlands

20
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o n tm n k ter anj western, sidEs . : n the 6 r.., L:e 2K

tcr::anear. cycloneis continue- to affect th.e norti. r: Is

C ilsc 2Laract erizE I hy weak s ta Lilit. is- tie low er -it :os' i -

ic layecs ani larjE J2aytimE- dife: .cEs tetween 'a:n, a,--1i

tEr sa Sur cs :'7.-eSE cond itiorS St' MUlaj activ - o, t2'DCI oft -

cdatio:;,- hetwEEn- land1 and sea, dr~dbten otaxan

rip vallteys cDarticuldrly in troeL southwestA. In summer, theth-

ma. monsccn- trCajs.- is establisrot- across the peninsula.

:hus r airnfdli is restricted tc th'e peninsula's so u t' h2s t

while the northern part is dry. In autumn., miliie latitulte

d IEtu IICh-Ia'n cEs L Eg i n to affect the no rthern portioi. oZ t -.c

peziinsu la t.:t iccal circiilaticn. is weak treore thc1e S

on.ly forconcentrations of rainfall in the north Ce

f re uen cy of t hun der Ztor ms oii the Arabian, Pe.Linsula i s i r-

0lated t-o t- : rai:-fall distributioi,. :here is d hs- "-ez :re?-

g;uency distribution; of thunderstorms near the easte rn and

western coasts than in the interior areas. LPeff. 30]

C. SYNOP 1 C CCNLI'IICNS

The weather situation during the months of L'1dy and Octo)-

ber for 1S73, 1S79, and 1980 ii- Di~ahrar., Saudi Ardaa. wil'

be overviEwel in this section. Iiiformation was taken frrom

weather maps prcvidecd by the Nava-; Postgraduate School 'Ie-

teCoioogical Department. Data fro)m radiosonde launacs at

Station 40~427, Eahrain Muharra , wo2re utilized. Bahrair Mu-

harra,- is located a-'kroximately 25 miLles east of Dhahra..

It snouil also Le noted that all watches in Saudi Arabiai are-

reset ait sundcwn. -he informatio. rosted oil tht- weathe.,r

maps utilized th.e Zulu Time Zore System. Saudi Arabia rIls

into t;xe Delta tir7E zone, thus 00332 IS 0400D or 4 o'Icl1o c

1713dres l6'aTnd 17 show the Eressuir,, t e m )a t u r ar. lw

j cint i v,=ra -,s f or 197R, 19:7 9, and 19 33. Mean dai.Ly t e 7,p, :-

a t u Les difr el s1-, tly f ro m h i tory (L ee F i ur e 12). 1~
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Pressure -mn--rat ure Dew Point

,3D3_ / )4)CE 78 5.6 2c.U 20. I
79 7.9 26.3 23. 4
80 6.L4 27.3 20.9

12332 / 163CC 73 6.2 32.2 17.9
79 8.3 33.0 21. 14
80 6.1 30.5 20.3 I

U jZ IJ4 0 Ave 6.6 26.7 (30 1'?) --1.5
12hz/ 16 3 Ave 6.9 32.0 ( 9 . 6 ) 19. 3

F igure 16: 'av 1976, 1979 & 1" Pressure,
2c-mFerature and Dew Point Averages'

?ressure --em -raturt e'd~ Poilnt
ime YR (mb) (m uiC)

3,000Z / J4JOD 78 11.3 26.5 23.E
79 12.3 29.2 25.2.30 10.9 27.2

120)Z 16J3C 78 10.9 31.9 21.3
79 12.3 32.3 22. 9
80 10.9 3 1.7 22. I

)0Jz / 0OO Ave 11.5 27.6 (81.5'?) 24.2I 1230z 1603C Ave 11.4 32.3 (39.6' 22. 1

Fijure 17: 'Cctober 1978, 1979, 1930 Pressure,
T emperature an3 Dew Point Averajes'

had a mean of 84.7,7 (29.311C) hich was 4*f cooler than the

ror a. LctoLer had a mean of ES.8'F (29.9"C) w:ich was 2r7

warmer t:ian normal.

CycioneE predcminantly (43T) affected the area luring the

Month -": Mav. Anticyclones were only in tae area 3 of the

tiTe. However, durinj May 1979 anticyclones affect was 12,.

During (octoLer 1979 anl 1980, cyclones dominated the arua

30 5of the time. In Cctolecr 1S78, anticyclones we:e 7 rcso:.t

24
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33: of the time while cvclones cnly 2q. Also larin> October

haze was present E27 cf the tiE. Apart !row te two excup-

tions these percentages are ccr.sistent with tr.e climatology

o: the Dhahcan- 5ahrain Huharra, area since .efditerriAnean

cycl.ones affact the northern crtion of t:. eninsula dqriz-

sprinj and Late atu :.

Figures 18 and 19 show that 507 of the time the winds

were out of the north and ncrthwest. Winds out of the

southern luadrant were occasicnaiiy seen at 33)3Z in both

.May and October but were absent at 120OZ. inds oat of the

north and northwest were the stroijest averajioj 11 knots

(see Figure 20).

* lime Y I N NE f SE 5 SA WN W i alm

COOZ 340E 78 29 4 C 3 8 13 4 33 0
79 17 7 C 21 3 17 14 17 3
80 16 3 0 5 5 16 11 42 5

1200Z 16J0E 78 33 19 4 3 0 3 0 39 3
79 19 42 0 19 0 3 0 19 3
80 25 12 19 3 0 0 0 44 0

Ave 24 15 3 10 3 8 5 31 1

Figure 18: 'm ay 1 S73, 1979, g 1980 Wind Direction ( )[oil

Time Y E N N Z E SE S SW W N 2 Calm

00002 / 0400D 78 8 8 4 3 17 17 17 13 a
79 19 7 4 15 19 4 7 26
80 7 0 0 7 17 14 17 35 3

1203Z / 160OZ 78 22 33 7 4 7 3 4 22 0
79 45 14 10 3 0 0 3 23 3
80 31 7 3 7 0 0 3 48 0

Ave 22 12 5 7 10 5 3 29 2

Figure 19: 'Cctoher 1978, i79, g 1980 Wind Direction

25
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I Yo Lt h N 14E 77 S7 E SP Ui N V

M1 9 1a 6 2 7 6 12
Oc ober iC 7 7 7 E 4 6 11

S Fijure 230: 'May and October 1978, 1979, & 1j30 W;inl

Speed (Knots) Averages'

Ducting ihencaencn for 1978, 1979, and 1980 i6 presenteI

in ChaDter IV. Fcr comparative purposes results of two ?a-

diosonle Lata Analysis Projects by GTE Sylvania, Inc. are

inciuded here. 7hese projects covered the -2ears Ij6e to

1969 and 1973 tc 1S14. Eadioscnde data froa Statir. 40427,

Bahrain Muharrac, rovided by the USAF Environental ecnni-

cal Applications Center (ETAC) was itilizel b. 3T7 Sylvania,

Inc. to obtain their results. Boti. duct and s.i-er-re/rct-

ing layer (SRLF) gradients (dN/dZ < -190 N .hnts/Ko) ar i-

picted on the fcllcwing 9raphs.

Figures 21 thru 28 reflect tLe followin; Z,2lts Zor t:.e

months of May and Cctober:

:iay Octo er

1. Fercent Occurrence

Elevated layErs 10 25
2. Minimum TraFping Frejuency

for Elevated Ducts 430 MHz 200 ',IHz

3. Fercent Cccurrence

Surface Layers 85Y 65%

26
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Figure 21: 'Percent Occurrence Elevated Layers[ [ ~Ref.
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Figure 23: 'Coverage Fei ht Ejevated Layers[ Ref. 331
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Figure 24: 'Thickness ElevatEd Layers
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IV. MODEL PEEFORMANCE

A. DATA LESCRIETICN

Radiosonde data recorded at 1200Z (1600 Hours local) and

OOOOZ (2400 Hours local) on each day of May aiad October for

1973, 1979, and 1980 were utilized for this study. This

data was obtained from the U.S. Air Force Environmental

Technical Applications Center (ETAC) at Scott Air Force

Base, Illinois.

This raw data had to be manipulated into a manajeable

form first. Utilizing the Naval Postgraduate School IB

3033 Computer the data for each radiosonde launch was organ-

ized and cut off at the 100 millibar Fressare level. Tlis

corresponded to a maximum altitude of approxiimately 16530

meters (54000 feet). Next, for each observation the refrac-

tivity, mcdified refractivity, dN/dZ, and dM/dZ were comput-

ed. Each launch record was then examined to determine if

ductinj was present. For each launch recording where dunt-

ing was probaole a plot of N, a plot of M, a ray trace, and

a plot of power density were done. Comparing the modified

refractivity plcts and also the ray traces nine (9) distinct

groupings were established for further analysis.

The computer prcgram utilized in this thesis was devel-

oped hy Raymond P. t asky. He developed the model to ana-

lyze the effects of atmospheric refraction on the field

strength of radio emitters. He wrote the program in extend-

ed FORTRAN languag e for the CEC 6600 digital computer sys -

tem. in his cwn words:

This program is a qeometric oitics model of wave
jropagaticn throu h an inhomoj eneoa.s atmosLhere
,%aving a vertically" stratified index of refrac-
tion. The prcjram calculates the direction
of wavefrcnt propagation by solving the

31



Euler-Lajrane e, uaticns cf ra-s normal to incre-
mental surfaces. The ray tr jectcrics are then
used to coypute the relatiV e emitter field
strength or Fcwer density (normalized to -ree
space) as a function of altitude and dista.ce
a ong the earth's surface. Fields which are rc-
fiec ed frcm the earth are attenuated zy a Fresnel
reflection coefficient and a surface roughness
factor. 7he elevation anle and time of propaga-
tion are calculated alon each ray patn to deter-
mine the direction of the wavefront propagation
vector and the jhase relationshi between inter-
fering wavefrcntz for the field strength and power
density cciputations. [Ref. 39]

Jim Blake, a student at the Naval Postgraduate School, con-

verted this prcgraz for operation on the 13M1 3J33 computer

system. The program was further modified for use in this

study to ir.clude -lotting of "M" and "di/dZ" versus height.

The model is applicahle to propagation above 33 lHz. Given

an isotropic emitter of known fre,,uency, polarization, pulse

width, and altitude the "N", "dN/dZ", "im, "dM/dZ" and free

space normalized rower density and relative field strength

are calculated as a function cf altitude and distance alorg

the earth's surface. In the ray trajectory diagrams an ar-

tificial upward curvature of the rays is pre-ent due to

plotting the earth's surface along a linear rather than

curved axis.

The fc.lowing parameters Were utilized in running the

program:

Frequency ......................... 2900 MHz or 9800 MHz

Pulse width ....................... : 6.5 psec or 1340 psec

Transmitter height (alcove sea level) : 90 ft

(atovE ground level) : 15 ft

Emitter Polarizaticn .............. :.Vertical

Larth Surface Type ................ Very Dry Land (Type 2)

Standard :eviaticn in Height ...... .Smooth Plain (Type 3)

Fiau es 35, 39, 43, 47, 51, 55, 59 and 63 present heignt

gair, curves comuted at 2900 MIz for a 15 foot high emitter

(the apprcximate height of an antenna on top of a tracked

vehicle). vertical reference axes are drawn at 20 nautical

32
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mile interviI3 tc represent the zero d5 gain level of field

ztrenjth relative to free space values. A scale for measuc-

ing relative fiefl strength is given in the uaper right cor-

ner of each pict.

'.;ind direction s- mlology (i.e. N foi north, S for sout,

E fcr East, etc.) was assigned hased on the following:

Radiosonde Wind Direction Assigned Direction

Reading (Degrees) Symbol

338 - 22 N

22 - 68

8- 1 12

t 12 - 222 SE
1 c- 8 2 C 2

202 - 248 SW

248 - 292 W

2S2 - 333 NW

B. SURFACE ANE ELEVATED DUCTS

Atmospheric- Refractivity Frovided nine (9) distinzt

groupings for ccmFarison. The first eight group'ings have

* some form of ducting. The ninth group is the composite

listing of all radiosonde launches which showed no ducting

present. The three sets of surface based ducts caused by a

surface layer are defined in Figure 29. The numbers depict-

ed are the averages taken from the data/findings within each

group/set.

0
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The twc typ os f elevated lucts are defined in -iyare 31

tso

131 Ft.

I ________" _______ :_
I Ii I

981~7 Ft. - -

1 13
F r 3 1t Sate" D

I I 3

II ---1 Ft. - -- --

I (b) Sat

Figure 31: 'Elevated Ducts'
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SE t 1 is pictcrially rereyte? 2v 8 lay 79 J'J

t hiE f 1oiir.n f ij jr e s h e he i!:ht of th .e s u:,z acEo ba se du~

aeaeIapproximate'kj 1 195 fet :7he intt Er.sity of' th,=a~

was a ,roximatElv 48 'A-ur.its. There ',,Ere t-)o lf w data rk:-

COrd1i>-,s to dEtc-rmin- a lomir.nt Wild ai~ti~ at t',

*75-46) fEet a.-id 36C0-4000 feet 1evtis . A Not.e:wi:. w as

dominant at tile LrnCO-5125) -feet I e vt- I.. 7he minizam trap-:

f rceuency for this set was 5 1 .8 Y Hz. T'-is S 1rE Ed 5 Df

the time ccmparEE to the 13 of Fig ure 28.

Fi,;u re 3'4 shows th.at ray tzapipi.-.- oc curs T.a inl y t t w r.2

the earth's surface a:n1 1 13 f ZEE t. The arca anovze the; du,,ct

shows -a distinct a'sence of rays. This woulId -*e, cons., 0er

the radar hole. 'Ah i I geometric o~tics predicts th-at there

*is ao fiE'L" pr(-sEnt ii: this region, geonmetri-Jc 3opti cs is t

ahiE to solve for diffracted fiElds or fields resultin; from

leaky ;2odes which are often present in atmospheric dicts.
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Set 2 is pictorially represented by 24 Aay 80 O00)Z ir.

the following fijures. The height of the surface based duct

averaged approximately 893 feet. The width of the duct wis

a jroximately 22 M-units. West aid Northwest winds at tle

75-400 feet level, North and Northwest dinds at ttie

3000-4000 feet level, and North and Northwest winds at tae

4000-5250 feet level were douinant. The minimum traDed

frequency for this set was 80.2 1Hz. This occurred 127 of

the tiie ccmparEd to the 22% of Figure 28.

Fijure 38 shcws that ray trapping occurs mainly between

the earth's surface and 700 feet. The area above the duct

shows a radar hcle extending frcm 70 to 200 nautical miles.

4
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S et 3 is -c t or ia II rcp,,rcls Ent e 2by 23 miay 73 1222i

rthe folloIwinq Zfiijr&s. Tht he :hDf the. surface Laised dar1:t

averaged app-roXimately 214 feet. The widti, of ti,* Thoi:r was

apprax;Iate_'y 6 N-ur~ts. North winds at thet 75-403 fct

lt-vcl, North- an Northwest wiris at tne 330-4> feet -v-

e, and Nurthhest wind,-s at the 4fl0-5.250 feet lV e IrE L

domin-:-an.Lt. :h-e wfiiu trappEa fre=duen-cy for this se wa s

6814.0 '1Hz. --his occurred 187 of tne time compared to th-e 2 7

of Figare 2F.

Figure 42 shows that ray trapp>:.; occurs m7 Air-y et w :c:n

the earth's surface and 209 feet. The art-d atove the tac

sh-ows the presence of a radar hole extending fr,)a 30 to 290

natical files.

0
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Set 4 is jictorially represEntzed by :a y 33 0DZ

th"ne L o '.I C wi ii g u~r Ez T he 1-ie i ht of the S Urfa* dC e ias~ U:-t
aVErage ]d p,:roximately 12 70 fe:et. Th1 e I ev a t lave:r WaS

a p F1o x i a t Eliv 1CS3 feet t hi ck. -- e width of treduct wis

aj4 jxia tEiv 49 A-uits. Th Ere were too Ze W idta cEco: -

*in~js tD dEtt~rmine a dominar.t wind direction at t;),e 73-433

feet, 3)00-400C feet and 4000-1-50 feEt levels. Th-e minizn'an

trappel freo;utncy for this set was 47.3 i1Hz. This occulrred'

2F, of: thne time cci~ar~d to the 11/1 of 1.i3,ure 25.

Fi~ure 46 shcks tA'-at ray trapping occurs minly betw,.en

thE eairth's surface aii2. 1300 fett. It also shows a na 'mt --r

uf re~ior~s where ther-e is a diztinct ahsLence- of rays, paz: -

ticiarl: the area azcve the d UCt dina the very low alt-itude

* r~hole extendin; frcim 30 to 5j Pautical Miles Wt-rt~ntecut

C
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Fijiare 44: 'Ataospheric Refractivity Profile•~2 May 8C O000Z'

Figure 45: 'Modified F fractivity Prof ile
26 May 8C O000Z'
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Set 5 is pictcriallv r:rese-i.tl,

fCliowin figurEs. 7T.e hei .

erajed apFroximately EaO feet. -L.. -

proximately 531 feEt thick. The w~:r. I' ..

pr oximately I 1 M-urits. TherE wr. t :.

to determire a dofinant wind dirtct or. i-

3000-4,00 feet and 40J0-5230 feet 

trappel freguency for this set was 132. 3

2, of the time ccmparcd to the 15 o4 F -

Figure 50 shows ray tra zing ccc~irL:... "...

earth's surface and 900 feet. There is 3 r. .

above the duct (radar hole) exten.iin 9 frim . .

cal miles and, a low altitude hol ex: .O % ", >:: ..

* nautical miles. The hole reprEsents tIe 1 1 J o

earth's horizon where rays arE unable to penet/it :.i s

frequently referred to as the Earth's shadow redro:.

0
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Set 6 is pictorially represented by 17 Oct 79 000Z in

the followin figures. The height of the surface hased lu:t

averaged approximately 1330 feet. 1he elevated layer was

approximately 879 feet thick. 7he width of the duct was a

prcximately 26 ?-units. West winds at tae 75-403 feet -ev-

eg, 1 North winds at the 3000-4000 feet level, and North and

Northwest winds at the 4000-5250 feet level were dominant.

The minimum trapped frejuency for this set was 45.7 MHz.

This occurred 13% cf the time compared to the 11% of FigaLce

28.

Figare 54 shows ray trap~inj occurring etween the

earth's surface and 1100 feet. There is an absence of rays

above the duct (radar hole) extending from 60 to 230 naati-

cal miles and, a low altitude hole extending from 30 to 80

nautical riles.

0
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Figure 52: 'Atmos~heric Refractivity Profile -
I 17 Oct 79 OOOOZI

!7

Figure 5.3: 'Modified Fefrdctivity Profile-
17 Oct 79 0000Z'
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Set 7 is Lictoria'Lly repreSEnte! ty 25 lIay 60 00Z in

tile followio. figurEz. h:Ie elEvated duct averaged a~x.

:nately 12'E9 fret in thickness. ihe elevated layer wdiS a:-

roximately 755 fr Et thick. The vidth of the duct was ap-

rox-;Mately 2,1 pl-urits. Tihere were too few datarcofis

to &.,-termir.e a dcminant wind direction at the 75-4J3 fe=t ,

3000-4000 feet and 400O0-5250 feet levels.

Figure 56 shows the presence of an elevated duct. A lDW

altitude (1000 feet) radar hcle Is Precsent helow the duct

from 50 to 200 nautical miles.
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Set 8 is ipictorially repreEnted t.7 3 Oct 79 1203DZ in.

rti'e foLlowing fi-U:EE. The elEVated duct avei-ajed a ,roxi7-

mately 850 feet in thickness. TIe elevate'- Layer was dr-

p--oximdte,=Ly 666 feEt thick. -he width of t.,e duict wds ap-

pircxirnatcly 13 M-urit! . North', and East winds a rt -I e 7 5- 4J

*f,:,t level, Nortf, winds at tLie 3000-4030 feet Aevel, a r J

Nsorth drid Northuest winds at the 4030-9250 feet id-vel were

do minart.

Fi~ure 62 shcws the presencc of an elevated duct. A low

altituide (2000 feet) radar hcle is -resent below th-e duct

f row 50 tc 200 nautical miles.
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Figure 60: 'Atmospheric Retractivitv Profile - I

_____-- Oct 79 1200Z"
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I Figure 61: 'Yio' ified Befractivity 2rofiie-
___- Oct 79 1200JZ'
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Figures 6'4 thru 60 attem-t to s how the correlatio, .3f

wiE l irection an I wind speed tc the establisnment, locatior.

an d he ' h ts of ducts. Unfortunately, wi nd directiorn and

wirA] spEe:d J'ata weie very limitEd between- 430 -Feet and 3).-'

Ifeet. No distinctive pattern was able- to be oota-ined fo

the results. Io compare the wind speeds depicted here with

Fig.ure 20 multi~ly meters per second by two to get knots

(1 m/s = 1. 94 5 knots).

I Duct 7ype Set N NE E SE S SW W NW Calm Total

I Surface BasEd 1 2 0 0 3 2 2 2 2 3 16I Duct Caused b., 2 8 2 5 2 1 2 10 4 7 56
Tot 28 4 20 10 4 4 21 11 13 115

0Surface BasEd 4 1 0030 01 1 1 2 6
Duct Caused bv 5 2 0 1 1 0 0 1 0 0 5
Elevated Layer 6 3 2 3 2 2 5 14 3 13 44

Tot 6 2 4 3 2 6 16 4 12 55
------------------------------------------ I
I Elevated 7 3 1 3 3 0 3 3 0 0 10

Tot 9 3 0 0 3 7 2 2 31

No Duct Tct 45 15 17 11 0 5 24 4 7 128

TOTAL 88 24 49 24 6 15 68 21 34 329

I I

I Fi~xure 64: 'Number of Occurren-ces of Wind Direction
*Iat Altitude 75-400 47t4
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Duct Type Set N NE E SE S SW W NW Calm Total

Surface 3ased 1 3 3 0 3 1 2 1 0 0 7
Duct Caused by 2 9 2 1 1 3 1 2 7 0 2 6
Surface Layer 3 13 3 1 1 1 4 4 14 0 41 I

Tct 25 5 2 2 5 7 7 21 0 74

Surface Based 4 2 0 1 0 0 1 0 0 1 5
Duct Caused by 5 1 0 0 0 1 0 0 1 0 3
Elevated Layer 6 8 5 0 1 2 4 3 6 2 31

Tct 1 1 5 1 1 3 5 3 7 3 39
--------------------------------------------------I 1
Elevated 7 0 0 1 0 1 2 1 2 0 7
Duct 8 11 0 4 1 0 0 2 1 3 19

lot 11 0 5 1 1 2 3 3 0 26

No Duct ct 29 1 0 2 6 7 8 34 0 87
TOTAL 76 11 8 6 15 21 21 65 3 226

Figure 65: 'Number of Occ'rrences of 1ind Direction
at Altitude 3000-4000 ft'

Duct Type Set N NE E SE S SW W NW Calm Total I

Surface Bascd 1 1 2 0 0 3315 0 15 
Duct Caused by 2 11 2 1 2 3 2 7 15 0 43
Surface Layer 3 11 3 0 1 3 10 5 24 0 57 I

Tot 23 7 1 3 9 15 13 44 0 115

Surface 3ased 4 2 0 1 0 0 1 1 1 0 6 I
Duct Caused by 5 1 0 0 0 2 0 1 1 0 5 I
Elevated Layer 6 9 5 4 2 4 6 5 10 0 45 I

Tot 12 5 5 2 6 7 7 12 0 56 j

Elevated 7 1 0 0 1 0 1 2 3 1 91
Duct 8 7 1 4 2 0 1 3 5 0 231

lot 8 1 4 3 0 2 5 8 1 32

No Duct Tot 34 4 1 1 8 14 15 44 1 122

TOTAL 77 17 11 9 23 38 40 103 2 325 I

Fijure 66. 'Number of Occurrences of Wind Direction I
at Altitude 4003-5250 ft'
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Wind Surface ased Surface Based Elevated I
Di- Duct Caused by Duct Caused by Duct
rect- Surface layer Elevated Layer I
ion 1 2 3 4 5 6 7 8

N 4.6 6.0 7.3 2.0 5.1 5.4 6.1 5.0 I
3 5.1 4.1 0 0 5.1 2.5 5.1

E 0 5.6 4.3 0 2.0 4.4 5.6 4.1SE 2.9 4.9 3.3 0 0 2.5 0 0
S 0 1.5 2.5 9 2.5 2.5 0 0
Sw 1.9 2.5 0 2.0 0 1.7 0 j
W 2.8 3.1 .3 1.5 3.6 2.6 2.0 4.1
N 2.3 3.0 3.2 3.0 0 5.1 0 6. 7

Figure 67: 'Average Wind Speed at Altitude 75 - 409 1ft I

L_

Wind Surface Eased Surface Based Elevated I

Di- Duct Caused by Duct Caused by Duct
rect- Surface layer Elevated Layer

* ion 1 2 3 4 5 6 7 8

6.0 7.7 6.4 6.2 9.7 7.7 0 7.0
NE 0 4.6 2.7 0 0 3.9 0 0 I
E 0 4.1 3.0 4.1 0 0 0.5 4.0
SE 0 3.C 3.0 0 0 2.5 0 0.5 I

0 8.2 3.c 2.0 o 11.3 5.1 8.7 9
Si 1.5 2.C 6.0 4.1 0 4.7 3.3 0 I
W 0.5 :.7 7.: :: 2.7 11.3 5.9 -NW 0 11.6 9.7 0 10.8 6.7 7.0 5.1I

Figure 68: 'Average Wind S eed at Altitude 3000
4000 f-

Wind Surface Based Surface Based Elevated
IDi- Duct Caused by Duct Caused by Duct I
rect- Surface layer Elevated Layer I
ion 1 2 3 4 5 6 7 8

N 4.6 7.G 7.7 5.9 6.7 6.8 3.6 6.0
NE 3.8 5.9 3.0 0 0 4.9 0 3.6
E 7.2 2. 5 0 7.2 0 2.4 0 7.3
SE 0 2.0 2.5 0 0 3.1 2.5 3.1 I
S 6.7 3.4 5.8 0 8.0 4.9 0 0
SW 2.7 6.S 6.0 4.6 0 4.8 t.7 5.6W 5.6 5.8 6.9 1.5 4.1 5.1 8.2 4.8
NW 7.2 7.9 8.5 3.6 11.8 7.4 4.9 6.8 I

Figure 69: 'Average Wind S eed at Altitude 4003 -
5250 f" I
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Surface based ducts caused hy a surface layer occurred

35W of the time; surface based ducts caused by an elevated

-Layer occurred 16"c of the time; elevated ducts occurred 1J,

of the tine; and, no ducts were present 39% of the time.

During May at COOOZ, surface based ducts caused by a surface

layer were predcinant occurring 527 of the time. Of this

525, Group 2 occurred 58% of the time. During May at 1203Z,

there were no signs cf ducting 52% of the time. However

surface based ducts caused by a surface layer did occur 37%

of the time. Cf this 37T, Group 3 was present 68% of tne

time. During Cctober at O000Z, surface based ducts caused

by elevated layers occurred 385 of the time. Of this 38"',

Group 6 occurred ESX of the tine. During October at 1200Z,

there was no sign of ducting 56% of the time. A~ain how-

ever, surface tased ducts caused by a surface layer did oc-

cur 241 of the time of which 86T were Group 3.

C. LAND-SEA BREEZE

Thru analysis it appears that between the heights of

951-1200 meters is where the weather maps used in Chapter

III get there readings for wind direction and speed in the

Dhahran area. Figures 70, 71, and 72 contain the data re-

ccrded during the radiosonde launches. This information

matches pretty well with Figures 18, 19 and 20.

Time YR N NE E SE S SW W NW Calm1
* ------------------------------------------ I_ _ _M

OOZ 0400D 78 32 0 0 5 5 11 0 47
79 15 8 15 15 15 1 8 23 0
8o 26 4 0 0 7 7 7 44 4

120Z /16COD 7E 29 7 0 0 7 14 7 29 779 46 8 0 8 3 3 23 0 0 1
80 43 0 0 0 9 4 9 35 0 I

I i
Ave 32 4 2 4 8 7 3 33 2 i

Figure 70: 'May 1978,1979, E 1930 Wind Direction (IF)at 3120 - 937 feet' I

72

0



Tie Y E N NE E SE S SW W NW Calmi

1 3OOZ / 040OD 78 33 17 8 0 0 17 17 8 0
79 36 9 5 5 9 14 0 18 5
80 38 4 8 0 0 12 3 27 4

1200Z / 1600D 7E 0 22 22 11 11 11 0 22 179 48 0 0 0 5 14 10 24 )80 30 0 ;4 4 7 0 15 4,1 D3

Ave 34 6 6 3 5 10 9 26 2 I

Figure 71: 'October 1978 179 & 1930 Wind Direction I
I() at 3126 - 337 feet'

I - -- - -- - -

Month N NE E SE S SW W NW

May 8.1 4.1 3.6 2.8 6. 1 4.6 6.7 9.3Octob~r 6.8 3.4 3.1 3.2 5. 3 5.0 4.4 7. 1

Figure 72: 'May and October 1978 1979 & 1 Wind
Speed (m/sEc) Averages at 3126 - 337 fe9et IW

However, this data dces not show the effect of the land-sea

breeze. Data between the leights of 23 to 122 meters

(75-400 feet) shows a better picture (See Figures 41,42 &

43).

F Time YE N NE E SE S SW W NW Calm

OOOOZ / 0400D 78 26 0 4 4 0 4 33 9 22
79 24 4 0 8 8 8 16 0 32

- 80 22 0 0 0 4 4 56 15 0

Ave 24 1 1 4 4 5 35 8 17

1200Z 1600D 78 57 13 26 4 0 0 0 0 )10Z/10D79 22 9 61 9 0 0 0 0 0

S80 54 19 19 8 0 0 3 0 0

Ave 44 14 25 7 0 j 0 0 0

Figure 73: 'May 1978 1979 1980 wind Direction (%)
" t 5 -4c feet '
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Time YF N N E E SE S SW i NW CalmI

0OQ0Z / 34003 78 4 0 4 7 0 14 46 4 21
79 8 0 4 12 4 4 2J 1o 32 I
80 0 0 4 0 4 64 7 13 I

Ave 5 0 2 7 1 7 44 10 24

1207Z / 1600D 7E 29 13 29 13 4 4 4 4 a
79 33 21 29 4 4 4 0 4 0
80 38 17 14 14 0 3 3 7 3

Ave 34 17 23 10 3 3 3 5 3 9

7igure 74: 'October 1978,1979 & 1980 Wind Direction
(i)eat 75 - 406 feet'

Month IimE N NE E SE S SC W NW

May O000Z 5.3 4.6 2.0 2.2 2.2 2.8 2.8 3.5
120OZ 8. 1 5.5 4.8 5.2 0 0 0 )1

October O030Z 3.8 0 2.0 2.7 2.5 2.2 2.7 3.0
1200Z 6.9 5.4 3.6 3.6 3.2 3.6 5.7 4..6

Figure 75: '[Itay and October 1978 1979 & 1980 Wind I
Si.eed (m/sec) Averages at 7S - 460 feet' I

At O00OZ winds frcm the west at 2.7 meters per second

(5.4 kncts) form the land breeze. At 1200Z winds from thte

north at 7 to 8 meters per section or from the east at 4 me-

ters per second (8 knots) form the sea breeze. When the

winds blow from the west, northwest or southwest forming trhe

land breeze, they shifted to the north, northeast or east by

1203Z to form the sea breeze. Rind speed was stronger f'Dr

the sea breeze as expected. Nc correlation couid be deter-

mined between the cccurrence of lanl-sea breezes and

ductin.
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V. TACTICAL APPLICATIONS

Tactical military commanders can not survive without aaK-

ing use of and Exloiting the HlM spectrum. Althoujh the EM

spectrum has beEn utilized the militar has not fully con-

sidered atmospheric effects on the EM spectrum. The follow-

ing commonly used systems exemplify the dffects atmospheric

anomalies have cr Em ropagaticn.

A. RADAR

The military has been the major user of radar and the

contributor of its developmental cost. The major areas of

radar applicatlcn for the military includes but is not lim-

ited to air traffic ccntrol, aircraft navigation, snip safe-

ty, remote sensing (i.e. used as a remote sensor of the

weather or as an icnozpheric scunder) , surveillance and fr

control and guidance cf weapons. Conventional radars genea-

ally operate between 220 11Hz and 35 GHz. These are not the

limits. Radars which operate outside these limits include

skywave HF over-the-horizon radars (operating as low as U

M HZ), grcuni wave HF radars (cperating as low as 2 MHz),

millimeter radars (94 GHz) and laser radars operating at yet

higher frequencies Zef. 40]. Some examples of radars pzes-

ently utilized by the U.S. Military are as follows:LRef. 41]

Nomenclature Use Operating Fre, uency

AN/FPS-6 Heightfinding 2700- 2900 "Hz

AN/?PS-5 Ccmlat Surveillance 16 - 16.5 GHz

AN/PPS-6 Eattlefield Surveillance 9 - 9.5 GHz

AN/TPN-18A Ground Control Approach 9 - 9.6 Gdz

AN/TN-25 Precision Approach 9 - 9.2 Gliz

AN/:PS-22 long Range Surveillance 2905 - 3089 MHz

AN/TPS-4T3 Air Defense 2900 - 3100 MHz

AN/VPS-2 Air Defense 9200 - 9250 MHz
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The ralar e'iuation relates the range of a radar to the chac-

acteristics of the transmitter, receiver, antenna, tar;it

and envircnaent.

Pr G- A a- I (n) 1/4

PiA" - (Edn 10)

(L4 ) K (T _ + Te ) B L, (S/N),

where, R = aaximum radar range (m).

P. = ieak power output of radar (watts)

G,- = antenna gain cf radar.

Ae = Effective antenna area (m )

or= radar cross section (m 2.

Iun) = integration improvement factor.
.23

K Boltzmann's ccnstant (1.38 x 103 J/Deg)

T, = antenna noise temperature (UK).

T, = equipment noise temperature (VK).

B% = noise bandwidth (Hz)

LS = system losses.

(S/N)*, = minimum signal to noise ratio of a singl

Fulse.

Ihis equation finds the maximum radar range. However it

does not take intc consideration atmospheric refractivity

which as seen in Figures 34, 38, 42, 46, 50, 54, 58 ani 62

can have a severe impact on what a radar actually sees.

Eattlefield surveillance radars such as tne AN/PPS-5

which can detect men cut to 50C0 meters and vehicles oat to

10,000 meters or the AN/PPS-6 which can detect personnel out

to 1500 meters and vehicles out to 3000 meters iook out hon-

izontally along the earth's surface and therefore will not

he affected by atmospheric refractivity. Aircraft control,

precision apprcach (AN//TPN-25 & AN/TPN-18A) and short range

air defense (AN/VPS-2) radars which look out to a range of

40 miles will he slightly affected. Atmospneric conditions

were present 6.45 cf the time which would cause E%1 waves to
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Lend (see -igurEs 34 F 46) creating a radar hole abovE the

2000 foot level. Long range Eurveiliance (AN/?PS-32) and
air defense (AiN/TP'S-43E) radars which have ranjes in excess

of 240 nautical miles (rmi) will be severely affected. Pa-

dar hol -s here Fresent starting at a distance of 30 nmi frczm

the ralar at a height of 2000 feet 57A of tLe tine under

study.

B. COUNtJICATICNS

HF and VHF ccmmunication systems oFerating at fre(uencias

less than 45.7 MHz would not have been appreciabiy affected

by atmospheric refractivity during the study months. Trans-

mitters oFEratirg ahove the following fre-uencies would have

experienced extendd ranges at the also listed percentages:

Frequency Extended Range Percentage

45.7 MHz 13%

4-7.3 MHz 15%

51.8 IHz 201

80.2 MHz 32%

132.3 MHz 34%

6E4.C Y-Hz 521

he trapping of _ signals in surface ducts and elevated

diucts alsc showed that signal strength loss was not as se-

vere as it would have been had there been no dact present.

Hence the intercept of signals could be made at longer dis-

0 -tances and with less sensitive receivers.
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V_. CCNCIUSIOIS ANr RECOMMENDATIONS

Surface based ducts and elevated ducts were present 61'

of the time during the months of May and October in 1978,

1979 and 1980. These ducts would most severely affect loig

range surveillance radars due to the presence of radar

holes, and communication systems by extending their normal

transmittinj range. Radar holes were predominantly present

starting at a distance of 63 nai from the radar at a nei4:.t

of 2000 feet and rising. Elevated ducts present 10% of the

time to a maximuf height of 2000 feet will also degrade the

performance of Side Lcoking Airborne Radar (SLAR) and Joint

Army Air Force Surveillance and Attack Radar System (JS-A.S)

(aircraft height apprcximately 15,000 feet) if they were to

be utilized in this area of the world.

!he land-sea breeze phenomenon was present during the

study months. Nc correlation could be determined between

the occurrence cf the land-sea treezes and ductin.

A porticn of this thesis attempted to show the correla-

ticn of wind direction and wind speed to the establishment,

location and heights of ducts. Wind direction and speed

data was very limited between 400 feet and 3000 feet. By

coincidence this area happened to be located either directly

inside or just above the duct. Hence no distinctive pattern

was able to be obtained from the results. in the future,

more data is needed to be obtained from radiosonde launches

ia the predicted duct area in order for a more reasonable

analysis to occur.
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APPENiDIX A

COMPUITER PROGRAM

11/PETEiSEN JOB (2--10,0391),'FSM1C 2310 , CLTASS=C

//*MAIN CEG=NPGVM1.2310P T INES=(60)

//*FC-R:!AT PR,DZNAAE=PLO7. SYS 7ECE, :ES T=IoCAL

//EXEC FTXCLG,AF.FOT' AE,GOST~lTX-EF'

//FORT.SYSIN DE*

C THIS PRCGFAN WAS ORIGJINAllY DZVEICPED 3Y RAYHO1ND P.

C 4ASKY. ;BCGEAM CONVERTEZ FOR USE ON THE IBA 3033 BY.

C J Il E LA ;: E. PROGRAM MODIFIED FOR "M" AND ";D!/DZ' PY

C 3Y WAYNE F. ZCETERSEN.

C --------HiS PROGEAM IS A GEOMETRIC OPTICS MODEL OF WAVE

C------PPOPAGATICN 7HTRCU:JH AN I NFOM0GE NEOUS ATMOSPHERE iAVIN

C------A VEFTICAILY STRATIFIED INDEX OF REFRACT:-O:l. THE
cl C------PROGEAM CALCULATES THE DIFECTION CF WAVEFRONT

C---PROPAGATICN EY SOLVING THE EULER-LAGRAN GE EQUATIONS OF

C------RAYS NORMAI TO0 INCREMENTP.1 WAVEFRONT SURFACES. T EE.

C -- --- F, AY T A J ECT C I ES A RE 'rH EN U SED TO0 COM PUTE T H 7E EL AT IV L

C-----EMITTERi FIETL STRENGTH OF POWERi DENSITY (NORMALILZED -C

C ------TLO FEEE SPACE) AS A FUNCTION OF ALTITUDE AND DISTANCES

C------ALONG THE BAFIS'S SURFACE. FIELDS W9ICH ARE FREFLECTED

C ----- FROM THE EARTH AEATTENUATED BY A FRESNEL-A REFLECTION

C ------ COEFFICIENT AND A SURFACE ROUGHNESS FACTOR. TH E

C ------ 7LEVATICN ANGLE AND TIME CF PROPAGATION ARE CALCULA:ED

C------ALONG EACH RAY PATH TO ZETERMINE :HE DIREC:IO O1CF TH

*C------WAVrFRONT1 PROPAGATION VECTOR AND THE-- PHASE ?;ELA:-I-

C ------ SHIP BETNEEN lNIE4':FERING 'rAVEFRONTS FuR T.H7 F-L L

C -------- TRENGTH AND FCWER DENSITY COMPU-ATIONS.

C
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C DATA INPUiT*

C*

C 'TH,-lIS Pi.CGEAM 'AIL! ACCEPT TWO 'TYPES OF DATlA INP'JT. SET *

C DATCTEL = FCR INPUT OF HEIGH~T AND REBRAC'TIVITY. SET *

C SET DATC'TL = 1 FCE INPUT OF EEIGHT, N, M, DNDZ, & D. IDZL.

SC IN~PUT FCEMAT IS 6 (F 10. 3) .IF THE ;JHES 32IFS HIHT :N 7,;7

C IS LESS THAN YCUE ASSIGNED Y14AX you can on'y re-:ues,

CPROFIE , N 7LI FO - - ' "IN/DZ", E ray trace ar.

C POWER DENSITY. EEE SUBEOUTINE REPECT FOR exjpianatiao *

C

C CHECK FEAD S'TATEMEN'TS FOE OTHER NECESSARY DATA TO 3E

c input.*

C

C

C P LOT S

C

C 'THERE AE SIX PlIC'TS AVAILABLE IN4 THIS ERCSRAM:*

C 1. REFRACTIVITY (N-UNITS) VS HEIGHT rS:

C 2. DN/DZ (N-:JNI'TS/K~i) VS HEIGHT (FEEET)*

C 3. YICLIFIEE INDEX OF R-FPAC7IVIT.Y (-N

c vs Height (feet)*

C 4. DM/DZ (M-.NI-LT'/KM) VS HEIGHT (FEETv-)

C 5. RAY TSACE

C 6. RELATIVE PCWEE DENSITY*

C

0 C

C

08



.0

C VARIABLE LEFINITCNS *

C" C
C NCASE - NUMBER OF ICOGRAM RUNS.

C NPRO - CCDE FOR REFRACTIVI:Y .IODEL *

C (=0 FREE SPACE MCDEL; *

S. C =1 EXPONENTIAL MODEL; =2 IIPUl MODL) *

C NDATA - NUMBER OF REFRACTIVITY PROFILE DATA *

C LEVELS (NrATA = 1 IF NP-RO = 0 02 1)

C HN(1) - HIGHEST ALTITUDE IN REFRACTII-Y

C PROFILE (FEET)

C HN(NDATA) - LCWEST ALTITUDE IN REFRACTIVITY

C PROFILE (FEET)

C HF(?) - ALTITUDE IN REFRACTIVITY PROFILE *

0 C (METE ES)

C RN(1) - REFRACTIVITY AT HN(1) *

C RN (N DATA) - REFRACTIVITY AT HN(NDATA)

C AHS - EARTH SURFACE ALTITUDE IN FEET ABOVE

C - SEA LEVEL *

C AHO - EMITTER ALTITUDE IN FEET ABOVE *

C - SEA LEVEL *

C YAIIN - MINIMUM ALTITUDE IN FEET ABOVE SEA *

C LEVEL FOR PRINT AND PLOT OUTPUT *

C YMAX - MAXIMUM ALTITUDE IN FEET ABOVE SEA

C LEVEL FOR PRINT AND PLOT OULPUT

C XDELTA - DISTANCE INTERVAL IN NAU1ICAL MILES

C FOR PRINT AND PLOT OUTPUT

C XFINAL - MAXIMUM DISTANCE IN NAUTICAL MILES

C FOR PRINT AND PLOT OUTPUT

C ELOSI - HIGHEST RAY ANGLE IN DEGREES

C ELOS2 - LC iEST RAY ANGLE IN DEGREES *

C (DIFFERENCE BETWEEN ELOSI AND ELOS2 *

CAN BE NO MOrlE THAN ONE DEGREE) *

- EMITTER FREQUENCY IN MEGAHERTZ *
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C PW - EMITTER PULSE WIDTH IN -MiCROSEC *

C (IF EMITTEF IS CONTINUOUS WAVE SET *

C = 1000000.0 ) *

C NHV -CCDE FOR E?'ITTER PCLARIZATION *

C (=1 HORIZ; =2 VERT) *

C NSL - CCDE FOR EARTH SURFACE TYPE *

C =1 SEA WATER; =2 VERY DRY LAND; *

C =3 AVERAGE LAND; =4 VERY HOIST LAND) *

C NRMS -CCDE FOR SUFEACE ROUGHNESS *

C (SEE TABLE BELOW) *

C CODE STANDARD DEVIATIONS OF HEI3H *

C (NREMS) (SEA) (LAND) *

C 0 0.0 0 *

C 1 0.2 9 *

C 2 0.6 30 *

C 3 1.1 56 *

C 4 1.7 112 *

C 5 2.6 214 *

C 6 4.3 429 *

C 7 8.6 1288

C 8 12.9 2146 *

C KREF - CCDE FOR REFRACTIVITY PROFILE PRINT O U T *4 0
C (=0 NO PRINTOUT; =1 PRINTOUT) *

C KGRAD - CCDE FOR REFRACTIVITY GRADIENT PROFILE *

C PRINTOUT (=0 NO PRINTOUT; =1 PRINTOUT)*

C KRAY - VARIABLE N0!- USED - SET = 0 *

C KPLOT - CCDE FOR REIATIVE FIELD STRENGTH OR *

C POWER DENSITY PRINTOUT *

C (=0 NO PRINTOUT; *

C =1 RELATIVE FIELD STRENGTH PRINTOUT; *

C =2 RELATIVE POWER DENSITY PRINTOUT) *

C KN I - CCDE FOE MCZ"IFIED INDEX OF REFRACTIVITY*

C PRINTOUT (=0 NO PRINTOUT; =1 PRINTOUT) *
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C KYGRAD - CODE FOR MCL INDEX OF REFRAC GRADIENT *

C PRINTOUT (=0 NO PRINTOUT; =1 PRiNTOU)

C NEEF - CCDE FOR REFRACTIVITY PLOT *

C (=0 NO PLOT; =1 PLOT) *

C NGRAD - CCDE FOR RE.RACTIVITY GRADIENT PLOT *

C (=O NO PLOT; =1 PLOT) *

C NFAY - CCDE FOR RAY TRACE PLOT *

C (='NO PLOT; =1 PLOT) *

C NPL)T - CC: FOR RELATIVE FIELD STRENGTH OR *

C POWER DENSITY PLOT *

C (=3 Nc plct; *

C =1 RELATIVE FIELD STRENGTH PRINTOUT; *

C =2 PELATIVE POWER DENSITY PLOT) *

C NM:? - CCDE FOR MCEIFIID INDEX OF REFRACTIVITY*

C jLOT (=0 NC PLOT; =1 PLOT) *

C NMGRAD - CDE FOR MCE INDEX OF REFEAC GRADIENT *

C PLOT (=0 NC PLOT; =1 PLOT) *

C SCALE - SCALE FACTCP FOR ENLARGING OR REDUCING *

C PLOT SIZE FRG IS NORMAL 5 X 10 *

C INCH FORMA%. NORMAI PLOT SIZE GIVEN *

C VIITH SCALE = 1.0 *

C IAHD - NUMBER OF CHARACTERS IN PLOT BANNER *
C AHD -C9ARACTERS IN PLOT BANNER *

C IxTL - NUMBER OF CHARACTERS IN X-AXIS LABEL *

C XTL -CHARACTERS IN X-AXIS LABEL *

C IYTL - NUMBER OF CHARACTERS IN Y-AXIS LABEL *

C YTL -CHARACTERS IN Y-AXIS LABEL *

C ITTL - NUMBER OF CHARACTERS IN FIRST LINE OF *

C PLOT TITLE *

C TTL - CHARACTERS IN FIRST LINE OF PLOT TITLE *

C ITLE - NUMBER OF CHARACTERS IN SECOND LINE OF *

C iLOT TITLE *

C TLE - CHARACTERS IN SECOND LINE OF PLOT TITLE*

C
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C

A.IPlICIT FEAi*8 (A-H,O-Z)

CMMCN /CNECCM/ CRH, CRX,CRG,DTR,PHASE,THE!A,C,C1, C2

1 ,RHO (51,30),PHI (51,3C) ,PI,CF,CNAUT,den ot
2 ,FR-,TPW,ABSRH,NHV, SL,NE MS,JAREA,NDATA

CGMMCN /TWOCCM/ PA,DELX,AHS,AHO,ELO(51),EXIAX,XFINAL.

1 ,jray

COMMON /rHRCC1/ VX (30),YMIN,YMAX,XDIV,YDIV

1 ,H (51,30),G(51,30) ,HN (100) ,RN (100) ,S (51,3 0)

2 , JPLT, KBEF ,K3 RA r, KPICT, JPL CT, IPLACE, JCASE, NZLO .

3 ,NREF, NRAY,NPRO,NPLCT,NGEAD,SCALE

CGM CN /FCRCC M/ DNDZ (100) ,RM (10 0) , DIDZ (10 0) ,KIR

1 ,kmgrad, NMIR,NMGRAE,HF(100) ,DATCTL, Z,LL.
INTEGER DATC71

REAI* 16 PCL(2),TER (4),REYMOD(2, 3)

DATA POL/10HECRIZONTAL, 1OhVERTICAL /

DATA TER/10SEA WATER ,10EDRY GROUND, 10HAVG GROUND,

1 10HFET GROUND/

DATA REFMCD/10HFEEE SPACE,10H MODEL ,10HEXPONENTI,

1 1OHL MODEL ,10HINPUT PROF,10HILE MODEL /

DATA CM/2.99ED+08/ ..

C SET UP THE NUMBER OF PROGFAM RUNS

REAE 300,NCASE

C IF EATA CCNTICL (DATCTL) = 1, THEN INPUT DATA

C CONTAINS EEIGHT, N, M, DNEZ, & DMDZ. IF = 0, THEN

C INPUT DATA CCNTAINS HEIGET & N ONLY.

REAE 300,[AICTL

DO 200 ICASE=1,NCASE ..

C

C READ AND PRINT 'EE INPUT DATA

REAE 300,NPRC

REAR 300,NDATA ..
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DO E ID=1,NLATA

IF (LATC-I.) 4,4,3

3 READ 320,H (ID) ,RN (ID) ,RM(ID),DNDZ(ID),DMDZ(ID)

13O TC 5 --

4 REAr 320,FF(ID),F..q(ID) ..

C CONVERT HEIGHT ZATA FROM PETERS TO FEET ..

5 HN(Ir) = HF(ID) * 3.280840 ..

8 CCNTINUE • .

READ 320,AES,AHC ..

REAL 320,YMIN,YMAX ..

QEAD 320,XDEITA,XFINAL ..

REA- 320, fLOS1, ELOS2 

READ 320,FE,PN.

READ 300, NHV,SL, NRMS

REAL 300,KREF,KGRAD, KEAY,KPLOT, KMIR, KMGRAD

READ 300,NREF, NGRAD, NRAY,NPLOT, NMIR,NMGRAD

C

C PRINT THE INPUT DATA

PEINT 330

PRINT 3 40,NCASE,NPRO, (REFMOD(IRM,NPRO+1),IRM=1,2) ,

1 NLATA

PRINT 35 0, PHS, A HO, YM IN, YMAX ..

PRINT 36O,XZEITA,XFINAL ..

PRINT 370,BLCS1,ELOS2 ..

PRINT 350,FRQ,PW,POL (NHV),TER (NSL) ,NRMS ..

PRINT 390 ,KREF, KGR AD,KRAY,KPLOT ..

?RINT 395,K:IIR, KMGEAD ..

PRINT 4OC,NREF,NGRAD,NRAl,NPLOT ..

PRINT 405 , NM IR, NGR A1 ..

0 STILL CHECKING I'lPUTTED LATA ..

PRINT 500 ..

DO 13 ID=1,NLATA ..

IF (DATCTL) 12,12,11 . .
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1MZ (I L)

GO 10 13

12 PRINT 530,1;F(ID),HN(ID),EN(ID)

13 COCNTIINUF

cSET UIP INITIAL ATMOSPHERIC REFRACTIVITI CONSTANTS

IF (NPRO-1) 14.,15,20

C

C FREE SPACE ICDEL

14 Cl=0.0

C2= C. 0

GO IC. 25

C EXPCNENTIAL ECDEL

15 C1=313.0

C 2= 0.000 04L386

GO 'IC 25

C

C PIECE-WISE LINEAR MODEL

20 C2=0.00004386o

C 1=N C1) *TEXP (C 2*H ( 1))

1C
C SET UP INITIAL CONDITIONS

25 C=,C~i*CM

NELC=50

DENCT=1./FIOAT(NELO)

DELX=CNA UI*XDEITA/10.

EXMAX=CNA UT*XFINAL

FRQ=1000000. C*FEQ

0~ PLACE=EXtAX/ZEIJX

TPW=PVW/10OQOCO.0

ICAIC=KPICT+NEAY+NPLGT

K. PLACE=IFIX (SNGL (PLACE))+1

I PLCT=NREF+ NGRAE+NR AY+ NPICT
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JCASE=ICASE

JPLI=0

NELC=NELCI +

C CALL ROUTINES IF THERE IS A PRINTGOUT OR PLOT OF THE.

C FEFFACTIVITY PRCFILE

04 JPLCTI1

IF (NREF) 30,30,31

30 CCNTINUE

IF (KEEF) --3,33,32

31 CALl PLOTIF

32 CALl REFEC.

C

C CALL ROUTINES IF THERE IS A PRINTCUT OR PLOT OF THE

C REFFACTIVITY GRADIENT

33 JPLC=2

IF (NGRAD) 34,34,35

34 CCNTINUE

IF (KGRAD) 37,37,36

35 CALL PLOCT'.

36 CALl REFECT

C

C CALL ROUTINES IF THERE IS A PRINTOUT CR PLOT OF THE

C NODIFIED INDEX CF REFRACTIVITY PROFILE.

37 JPLCT = 5

IF (NMIR) 50,50,51

50 CONTINUE

IF (KMIR) 53,53,52

51 CALI PLOTI.

52 CALL REFECT

C o

C CALL ROUTINES IF THERE IS A PRINTOUT OR PLOT OF THE .

C MODIFIED INDEX CF REFRACtIVITY GRADIENT. .

* 53 JPLCT = 6 .
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IF (NMGRAD) 54, 54, 55

54 CCNTINUE

IF (KIGRAL) 57,57,56

55 CALl PLOPIF

56 CALL REFECT

C CHECK IF THEFE ARE ANY FUFTHER CALCULATIONS

57 IF (ICALC) 200,200,40

C

C CHECK IF THEFE IS TO BE A PLOT OF THE RAY TRACES.

C IF SC, CAlL ECUTINE TO SET UP THE PLOT AXES.

40 IF (NRAY) ,4,4,.42

42 JPLCT=3

CAll PLOT.F

44 CCNIINUE

C

C SET UP A 10OF TC CALCULA7E THE ALTITUDE PROFILE OF

C EACH RAY.

DO 100 I=1,NELC

C

C INITIALIZE FCR INTEGRATIC.

CRH=AHO .

CEX=o. 0

ICCC=- I

ELO (I) =ELCS1-DENOT*FLOAT (ICCC)

EANG=DTR*ELC (I) ..

CRG= ((RA+CFH)/BA)*DSIN (EANG)/DCOS(EANG)

JRAY=I

C

C CALl ROUTINE TO COMPUTE BAY TRACES AND PROPAGATION

C TIMES.

CALl RKINIG

100 CONTINUE
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C RESET PARAMETER VALUES

DELX=10.*BELX

IPLACE=IFIACE/10+1

C

C CALL ROUTINES IF THERE IS A PRINTCUT OR PLOT OF THE

C RELATIVE IELD STRENGTH CE RELATIVE POWER DENSITY. ..

120 JPLCT=4 . .

IF (NPLOT) 12C, 130,140 . .

130 CON1INUE

IF (KPLOT) 200,200, 150

140 CALL PLOT'I'.

150 CALL HGAIN

200 CONTINUE

C

C CALL LIBRARY ROUTINE FOP CN-LINE PLOTTING

IF (IPLOT) 220,220,210

210 CALl PLOT (0.,0.,999)

PRINT 430

220 CO.NTINUE

C

300 FCREAT (615)

320 FORMAT (6F10.3)

330 FORMAT (IH1,2X,'AT IOSPHERIC RADIO BEFFACTIVITY ',

1 'CCMEUIATIONS'//)

340 FORMAT (2X,' NCASE=',I6/

1 2X,' NPRO=',16/

2 2X,' MODEL=' ,5X,2A10/

3 2X,' NDATA=',16,4X,.LEVELSI)

350 FORMAT (2X,' AHS=',FI.2,4X,'FEET'/

1 2X,' AHO=,F1C.2,4X,lFEET'/

2 2X,' YMIN=',F1O.2,4X, 'FEET'/

3 2X,' YMAX=' Fl0.2,L4X, FEET')

360 FORMAT (2X,' XELTA=',F1O.2,4X,INAUT YI'/

1 27,' XFINAL=' ,F1O.2,4X,INAUT MI').
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370 FCR MAT (2 X,I ELOS1=',F 10.2,L4)C,'DEG'/

12X,' I L7T 2 IF 10. 2,4X , I EG')
(383 FORMiAT (2X,' FRQ=',Fl0.2,4~X,'MHZl/

1 2 X, PW'l,Fl0.2,iX, ICEC3ECt/

2 2X, I POLAE= , 5X,A1O/

3 2 X , TE ERAI N =I5X,A10/

42X,' NR M5=',16)

350 FORM'AT (2X,' KRE F= I6/
1 2 X, KGRAD~l 16/

2 2X,' KRAY=',I16/

3 2X,' KPLOT=',1E)

395 FOR?.A: (2x,' KMIR=',16/

1 2X,' KrDGRAD=',16)

430 FORM~AT (2X,' NREF=',16/

1 2X,' NGRAD= , 16/
2 2X,' NRAY=',I6/

3 2X,' NPLOT=' 16)

405 FORPiAT (2X,' NMIR=',I6/
C1 2x,' N IGRAD= ,16)

430 F OR MAT (5X, EN D OF F ILE C N PLOTT ER T APE)
500 F OR MAT(/ 3X,' ET (M) 4,ZX, ii- (FT) '9 X, 'N' 10 OX,' 1'8x,

1 ' D N EZ,6 X 'D "D Z)

510 FORrMAT(6F11.3)

530 FORMA:(3fll.1)

END

SUBRCUTINE REFRCT

C ----- THIS LrOUTINE CALCULATES AND PLOTS T9E ?E-:FRAc::VITY AND
C------REFEACTIVITY GRADIENT PRCEILES

C
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IMPi.ICIT FlAI*8 (A-H,O-Z)

COMMON /CNECCM/ CRH,CRX,CEG,DTR,PHASE,:HETA,C,C1,2 .2.

1 ,RKC (51,30), HI (51,3C), PI,CF,CNAJT,N- ..

2 ,FRQ,TP ,ABSRH,NHV,NSL,NE1MS,JAREA,NDATA . .

CCMCN /!AOCCM/ RA,DELX,AES,AHO,ELO(51) ,E7AAX,XFINAL

1 ,JRAY

CCMMCkJ /THECCM/ VX (30) ,YYIN,YIAX,XEIV,YDIV . .

1 ,H (51,30) ,G(51,30) ,HN (100) ,RN (100) ,S (51,30) ..

2 JPI,KEEFKGRAr, KPiCT,JPLCT,IPLACE, JCASZ, NELO

3 ,NREF,NEAY,NPRO,NPLCT,NGRAD,SCA•LE

COMMCN /'FCRCC'/ DNDZ (100) ,R'(100) ,DDZ(100) ,KIEIR

1 ,KMGFAD, N!IR,NMGRAr,HF(100) ,rATCTL

REAL .7, Z

INTEGER 1I,LLL..

DIMENSION X (150),Y (150) ,E(100)

C INITIALIZE TEE ARRAYS X AND Y

DO 5 I=1,100

X (I) =0.0

Y (I) =0.0

5 CCNINE..E

C

C PRINT HEAEING IF THERE IS A PRINTCOT..

C FOP MODIFIEE INDEX OF RETRACTIVITY

IF (JPLOT-.5) 10,6,8

6 CONTINUE

IF (KMIR) 18,18,7

7 PRINT 130

GO iC 18

0 8 CONTINUE

IF (KMGRAL) 18,18,9

9 PRINT 13.
GO sC 18 .

0 C
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C PRINT HEArING IF THERE 15 A PRINTCJT

C FOR REIRAC7IIVITY .

C10 C C NTI NUE .

I F (J PL OT- 1) 11 ,11,14 .

11 CONTlINUE j
IF (KRIEF) 18,18,12 .

12 PRINT 110 .

GO TO 18 .

14 CC NI INU E.

!F (KGRAD) 18,18,16 .

(16 PRINT 120 .. l

C SET UP INITIAL CONDITIONS TO CALCUL.AT.E RE-FRACTI:YT'

C AND REFRACTIVITY GRADIENT VERSUS ALTITUDE

18 CONTINUE

IF (NPRO-1) 20, 2 0, 3 0

20 ID=51

DEL =(YYAX-YMN)/50.

A=YrAX+DEIH

GO TO 40

30 ID=ErfATA

-A =0

IF (Hq~1)-YI1AX) 33,5E,58

33 CONTINUE

IF (HN(1)-Y IIN) 20,35,35

35 DELH=(Y AX-N(1))/25.

A=YMAX+ DEI.H

ID=25

l=Ir-1

C SET UP A LCO TO PRINT AND PLOT THE FFEE SAC7 AJD

C EXPCNENTIAL EECFILES.

92



40 2CN II -V

DO 41 I=1,ID

CA:A-EELI•
X (I) =C1 : XP (-C2*A)

41 Y (I)A=A

A = Y M A X+ D E I F

g DO 55 7=1,ID

A=A-rELH-•

IF (JPLGT-1) 42,42,400

400 CONTINUE "

IF (JPLCT-5) 46,402,410

C PRIN"L THE REFRACTIVITY PECFILE

42 X1:X (I)

Y YY(I)

IF (KREF) L4,44,43

43 PRINT 140,I,Y1,X1

44 CONTIN UE

IF (NREF) 54,54,50

C

C PRINT THE REFFACTIVITY GEADIENT PRCFILE

46 CONTINUE.

IF (I-ID) 47,54,54

47 X=3281.0*(X(I) -X(I+1) )/(Y(I)-Y (I+1))

YI=(Y(I)+Y(I+I))/2.0 ..

IF (KGRAE) 49,4S,48

48 PRINT 140,I,Y1,X.

49 CCNIINUE-.

IF (NGRAr) 54,54,50

C-o

402 GO C 5 4

410 30 IC 54

C
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C PLC THE -EFFACTIViTY A": REFACTIVITY GRADIEN

C PRCFILES. .

50 .(l=X1/XDIV

Y 1= (Y (I) -YImIN) /YDIV

IF (1-I) E1,_E1,52

51 CALI )LOT (3NGL (Xl) ,SNGI (YI) ,3)

52 CALl PLCI (SNGL (Xl) ,SNGI (Y1) ,2)

IF (JPLOT-5) 418,54,53

418 C O' INUE

IF (JPLO:-1) 54,54,53

53 Y2=(Y(r+I)-Y .IN)/YDIV

CALl PLO: (SNGL (Xl) ,SNG (Y2) ,2)

54 CONTIN UE

55 CCN'INUE ..

IF (NPRO- 1) E0, E0, 56
Coo

C SET UP A TC10 TO PRINT AND PLOT THE PIECE-WISE

C LINEAR PECFIS..

56 L=IE

58 LP= 0

DO 35 I=1,NEA:.A

IF (HN(I)-Y,{AX) 60,60,74

60 CONTINUE

IF (HN(I)-YIIN) 74,61,61

61 L-=L+1

A = + 1..

X (L) =R.4 (T)

Y (L) HN (I)

X (1+1)=EN (I+1)

Y (L+1)=HN (I+ 1)

Z = HF(I) / 1000.0

E (L) X (t) + (157.0 Z* .

C94
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C NOTE THAT E(1) : RM(I) Il DATCTL 0,

C AND E.(L) HAS NO RELATION TO RM(I) IF DATCTL = 1.

IF (JPLOT-1) 62,62,65

C - o

C PRINT THE REFRACTIVITY PFCFILE.

o2 X1:X(L)

Y 1=Y (L)

IF (KREF) 64,64,63

63 PRINT 140,L,Y1,X1

64 CONTINUE

IF (NREF) 74,14,70
C"o

C PRINT THE REFRACTIVITY GRADIENT PROFILE

65 CCNTINUE

IF (JPLOT-2) 100,100,200

100 CONIINUE--

IF (EATCTI) 66,66,101

101 (I = DNDZ(I)

Yl = Y(L)

IF (KGRAE) 69,69,68

66 CONTINUE

IF (I-NDATA) 67,74,7.4

67 X1=3281.0*(X (M)-X(ti+ 1))/ (Y(M)-Y (M+1))

Y1 = Y(L)

IF (KGRAL) 69,69,68

68 PRINT 1 0,M,11,X.

69 CONTINUE ..

IF (NGRAI) 74,74,70

C

C PRINT THE MCEIFIED INDEX CF REFRACTIVITY PROFILE

200 CONIINUE

IF (JPLOT-5) 201,201, 300

201 CONTINUE

IF (EATCT1) 2CL,204,202

S9



202 Xl = EM(I)

YI = Y(L)

IF (K:IIR) 21C,210,208

204 CCNTINUE

IF (I-NDAIA) 206,74,74

206 X 1 = E(L)
Yl = Y(L) .
IF (KMIR) 210,210,208

208 PRINT 140,iY1,Xl ..

210 CONTINUE

IF (NMIR) 74,74,70

C PRINT THE MODIFIED 1NDEX CF REFRACTIVITY GRADIENT

C PROFILES. .

IF (EATC71) --04,304, 302 .

302 X1 = DMilDZ (I) .

Yi = Y(L) .
IF (KGRAD) --12, --12,3 10..

304 CONTINUE

IF (I-.NDAIA) 306,74,74

306 LL = I + 1 .

IF (IL .LE. NDATA) GO TO 308

307 CONTINUE

DMDZ (1) = (E (L) / HF (I)) * 1000.0 

GO TC 309

308 W = BN(LI) + (157.0 * (HF (LL) / 1000.0))
Di D Z(I) = (E(L) - W) / (EF(1) - HF(LL)) 1000.0 .

309 Xl = DMDZ (I)
"l = Y(I ) (H

IF (KGRAD) 212,-12,310

310 PRINT 140,L,Yl,Xl

312 CONTINUE

IF (N IGRAL) 74,74,70
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C

C PLOT THE EEFEAC1IVITY, REFRACTIVITY GFADIENT,

C MODIFIED INDEX CF REFRACTIVITY, AND MODIFIED INDEX DF

C REFRACTIVITY GRADIENT PRCFILES.

70 X 1=X1/XDIV 

Y1= (Y(1) -YI IF)/YDIV

IF (LP-1) 71,71,72

71 CALI PLOT (SNG1 (X1) ,SNGII (1i) ,3)

72 CALl PLOT (SNGI. (XI) ,SNGI (Y1) ,2)

IF (JPLOT-1) 74,7L4,73 ..

73 Y2= (Y(M+1)-YYIN)/YDIV . .

CAL I PLOT (SNGL (X) , SNGL (Y2) ,2) ..

74 CONTINUE . .

75 CCNTINJE ..
C-•

C POSITION THE PEN IF THERE HAS BEEN A PLOT

80 CCNIINUB

IF (JFLCT-5) 88,82,84

82 CONTINE

IF (NMIR) 96,96,94

84 CONTINUE

IF (N.MGRAL) 96,S6,94

88 CCNTINUE

IF (JPLO7-1) 90,93,92

90 CCNTINUE ..

IF (NPEF) 96,96,94

92 CCNTINUE

IF (NGRAD) 9,96,94

94 CALl PLOT (0.,0.,-999)

CALl PLOT (2.-,2.0,-3)

CALl FACTCF (SNGL(SCALE))

96 CONIINUE ..

106 RETUBN
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110 FORMAT (///2--X,'REFRACTIVITY PRCFIIE'/1OX, II,, ..

1 'ALT ITUDE', 3X, REFF ACT!IVI'IY'/21 X,'I (FT) 1, 11X(,.

2' (N-UNITS)')

120 F0RMAT (///IEX,'REFRACTIVITY GRADIENT PROFILE'/IOX,

1'I',2X,'AITIEUDE',7X,'REfF GRADIENT'/21X,'(FT)',9X,

2' (N-UNITS/KM)')

130 FORMAT (///9X,'MODIFIED INDEX OF REFRACTIVITY',

1PROFILE'/10X,'I',X,'ALTITUDE',5X,'MOD INDEX OF REFF',

2/21X,' (FT)', 11X, ..UIT )'

135 FORMAT (///1OX,'MODIFIED INDEX CF REFRACTIVITY ',

1' GRADIENT PBCFIIE',/10X, 1 I',BX,'ALIITUDE',7X,

2'.Or INDEX Of REFR GRADIENT',

3/21X,'(FT)',9X,'(M-UNITS/KM)')

140 FORM.AT (8X,I3,2(6X,FIO.2))

END

SUBROUTINE PKINTG

C

C-----THIS ROUTINE SETS UP THE INTEGRATION OF THE RAY

C-----TRAJECTORY AND TIME OF PROAGATION EQUATIONS FOR EACH

C-----RAY. WHEN A RAY CROSSES A BOUNDARY BETWEEN THE

C------THE PIECE-WISE LINEAR SEGMENTS OF THE REFRACTIVITY

.C------PROFILE CE TEE BOUNDARY Al THE EARTH'S SURFACE, THE

C ----- RAY EQUAIICNS ARE INTEGRATED TO THE BOUNDARY BY MEANS

C-----OF A VARIABLE STEP SIZE INTERPOLATION ALGORITHM. THE

C-----RAY EQUATIONS ARE THEN RE-INITIALIZED AT THE BOUNDARY

.C------AND INTEGRATED TO THE NEXT BOUNDARY, WHERE THE

C ----- INTEEPOLATICN IS REPEATEL. ..

C

IMPLICIT FEAI*8 (A-H,O-Z)
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COM1MCN /CNECCM/ CFH,CPX,CFG,D-R ,PHASE,THETA,C,C1,C2)

1 ,.-:C(1,33),PiI(51,3C),P!,CMiF,-NAU-T,DE14T

CCfMOCN /'IWCCC!1/ RA,DELX,AHS,AfHO,ELC(51) EX.!AX,XF!NAL-.

1 ,JRAY

CCMICN /THRCC !/ VX(33), YMIN,Y11AX,XDIV,YDlV

1 ,H(51,.3C) ,G(51,.30) ,FN(100) R~N(100) ,S(51,30)

2 ,JPIT,KBrEF,KGRAD,KPICT,IJPLOT,IPLACE,JCASE,NELO

3 ,IREF,NRAY,NPRO,NPLCI,NGRAD,SCAIE

COMMCN /FCBCCMI/ DNDZ (100) ,i.M(10 0) ,DMDZ(100) ,K 1I.R

1 , KMGRAD, N.MIR, N.IGRAL,HF (10 0) , ATCTL

DIMENSICN YINT (10) ,DELXX (5) ,PINT (10)

DATA DELXXNE/10000qD0,l1000.DO,100.DO, 10.D0,O.DO,2/..

C SET UP INITIAL CONDITIONS

Do 5 I=1,10

P INT (1) =0 .0

5 YINT'1(1) 0 .0

L 1

A NGIE=0 . 0

RHMAG=1.0

,C S TP X=rD-L X

VX (I.) =CRX

i (JRAY, L) CEH

S (JF AY, L) =EA7AN (CG*RA/(EA+C.RH)

-0 (JEAY, L) =EINT (1)..

P.110(3FAY,I)=FHMIAG

PHI (JRAY,t)=ANGIE

YINT (1) =CFH

0 YINT (2) CRG

VALG=YINT (2)

VGTEMP=?ItNT (1)

VHTEP=YIrN- (1)

0 VXTEM'P=C BX
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X=CEX

ICCEE=3
4C iI=0

II=1•

C

C CHECK IF A RAY TPACE IS TC BE MADE

IF (NRAY) 14,14,7

C

C TESI FOR MAXIMUM AND MINIYUA ALIiTUDES

7 IF (CRH-YMAX) 8,8,12

8 IF (CF.H-YMIN) 13,10, 10

C

C ALTIIUDE ECUNDS NOT EXCEEDED. POSITION PEN AT

C EMITTER CCCREINATES.

10 Y= (CRH-YMIN)/YDIV

CALL PLOT (SNGL(X),SNGL(Y),ICODE)

ICOLE=2

GO TC 14 ..

C

C MAXIMUM AITITILE EXCEEDED. POSITICN PEN AT UPPER

C LEFT HAND GEH CORNER.

12 Y= (YMAX-YMIN)/YDIV

CALL PLOT (SNGI(X) ,SNGI(1),ICODE)

GO SC 14

C * .

C AINIMUI AITITIDE EXCEEDED. POSITIN PEN AT LOWER

C LEFT HAND CCENEE.

13 Y=0. 0

CALL PLOT (SNGI (X) ,SNGI(Y),ICODE)

C ..

C FiND WHICH LAYER THE MISTER IS IN

14 IF (JRAY-I) 15, 15, 22

15 CCNTINU E
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DO 20 I=1,NEATA

I F (C:H-I1N(I)) 20,20,16

16 JAREA=I .

JXVIE=I
GC IC 25 .

20 CCNIINUE

GO TC 25

22 JAREA=JXME.

25 CCNTINUI E.E

C

C SET UP A lOO FCR INTEGRATION OF :HE ARRAYS "YINT".

C AND "PINI".

DO 2C0 I=2,IELACE

C

C CALl ROUTINE TO INTEGRATE "YINT" AND "PINT"•

CALl RK (NEQ,CRX,STPX, YIN7,PINT)

C

C CHECK WHICH lAYER THE RAY IS IN

100 KAEEA=JAFEA

DO 120 J=1,NrATA ..

IF (YINT(1)-HN(J)) 120,120,110

110 KAREA=J

30 IC 125

120 CONTINUE

C

C SET UP LAYER IF RAY HAS INTERSECTED EARTH'S SURFACE.

IF (Y"IT ()-AHS) 122,122,125
122 KAREA=NDAlA I .

0125 CCNTINUE .

C°

C CHECK WHICH lAYER BOUNDAPI, IF ANY, HAS BEEN CROSSED

C FIRST.

C
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IF (JAREA-KAFEA) 140,14J5,130

4 C AN UPPERi ECUNEAFY HAS BEEN CF!DSSE-

130 BNDEY=iN (.JAFEA-1)

.KAR EA=JAB EA- 1

-3O IC 160
C

C A1 LCI ER ECEJNLAEY HAS BEEN CROSSED

140 3N DFY=HN (JAE EA)

NAREA=JAFEA*1

GO7 TC 160

C

C NC ECUNDAF.Y IFAS BEEN CROSSED. STORE ARAY VALUJES .

C EVERY TENTH INTEGRATION STEP. .

145 IF (11-10) 14,146,146 .

146 11I=0

L=L+ 1

4VX(.I)=CFX .

H (jEAY,L) =YINr (1) .

S (JEAY,L) =DATIAN (Yi'NT(2) *FP./(RA+YIN: .(1))) .

G (JFAY, L) =PINT (1) .

R 140O(JRA Y , I) =1MAG . .

P HI (JEA Y,I1) =ANGIE .

1.48 VALG=YINT (2) .

VXIEPC FX X

VHTELMP=YINT (1) ..

VGTE!P=PINT (1)

STP XDE.X

C

C CHECK IF A FAY :RACE IS 'IC BE MIADE.

IF WNAY) 200,200, 152

C

C ARAY TRACE IS TO BE MADE. CHECK FOR IAXIAUM AND .
C IINIMUM AITITUEE.
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1:52 lF UT1) -YM.A X) 153, 153,156

153 I F (YIN T (1) -YA N) 15E, 15E,154

C 1AXIM'1w AITITUDE NOT EXCEEDED. CALL EOU7TNE TO ?L':

C THE FAY.

1 ' X=C,?X/XDI7

Y=(YINT ( 1)Y-Y,1N )/YDI V

CALI. PLO! (SNGL(X) ,SNGL(Y),ICODE)

T CODE=2

(3O !C 158

C 1AXIMUM CF MINIM~-UM ALTITULE EXCEEDED. TURN OFF P.LCT7E

156 ;CODE=3

198 IF (JAREA-KAREA) 170,200,170

6 C

C THE -AYEF BCONEARY HAS BN FOUND. SET UP FOR LINEAR

C INTEBPOLAIICN SCHEIE.

160 DXLC I=0.

,c HTErYP=YINI(l)

CEX=VXTE1E

YINT (1) =VITEtYP

Y IN T (2) = VALG

PINT (1) =VCTHM'P

C SET UP VARIAELE INTEGRATICN STEP SIZE AND INTERPOLATE

C 70 THE BCUNLARY.

DO 1E5 IJK=1,5

XX= -YI NT (2)/YiINT (3)

XYCHK=XX*XX-2. * (YINT'. (1) -ENDFY) /YINT (3)

IF (XY-HiK.L1.O.) XYCHK=0.

YY=CSQRT (XYCFiK)

CHGX=XX +YY

IF (XX. 3T.YY) CHGX=XX-YY

*F (IJK.Gk.L4) CHGX= (BNDY-YIN( 1))/YIN: (2)
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1 F (C (C; X L.0.) .3.(CH-3X.GE.SD ))CHSX=
1 (S-TEX-IDXTC-) *(3ND=Y-Y INT ( 1) )/(HT-774P-YIN~ (1))

CHGX=CHGX-D-71XX (IJK)

IF (CHiGX.IE.0.) GO TO 165

C

C CALL. FOUTIN - TO 7INTEGRATE TO THE BCUNDARY

CALL RK (NBQ,CEX,CHGX,YIN1,?INT)

DX TCT = D XrTCT +C HG0X

C165 CONTIINUE

C CHECK IF A IRAY 7RACE IS TC BE MADE

IF (NRAY-1) 170,152,152

C CHECK IF EAY HAS INTERSECTIED EARTFIS SUPFACE

170 IF (KAPE-A-(NEATA+1)) 190,130,180

C

C RAY HAS CECSSED ZERO ALTI"TUDE BCUNDAEY. FI ND INC IDEN:

C GRAZING ANGL'E.

180 THE'TA=DABS (LATAN (YINT (2))

C

C CALL ROUTINE TO CALCULATE CCAPL EX SCATT ER 1N.

C COEFFICIENT.

CALI SCAiT

C

0C SET UP CCFfELEX SCATTEiING COEFFICIENT

P HMAG=PHMiAG*ABSPH

A NGLE=A1NGLE+EHASE

C

0C ADZ ?ULT-IEATH, RAY

DO 185 LL=2,10

185 Y IN! (LL) =-Y-1NT (LL)

K AREBA= ND AITA

* C
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C S7IT U? 7C IUTBGFATE FF09 THE BOUN43AFY :0O THE NEXT

C "1D71lX.

1 196 JAi--EA=EKAFEA

VX- x: ,!=CF X

V.-iTF -YI NT (1)

YALG=YI.'T (2)

U VGTEi?%~=INT(1)

S TP X=STPX-DX'lC I

C

C CALL ROUTINE TO INTEGRATE FE0 1 THE BOU:IDAFY TO THE..

EC NEXTL "#D7EIX".

CALI FK (NE ,,CFX,STPX,YIN7,PINT) .

C

C CHECK FOE Y!OFE EGtJNDARY CFOSSINGS

6 :30 IC 100

200 CCNTINUJE

7COr12 =3

!~F (NIBAY) 2.-C,230,21,j

210 CALL PLCT (SNGL(X),SNGl(f),ICODE)

C CHECE IF THIS IS A PLOT CF THE LAST RAY. IF SO,

C POSITION THE PEN FOR THE NEXT PLOT.

IF (JRAY-NE.LO) 230 ,2 20 , 20

220 CA-1l PLOT (0.,0.,-999)

CALL PLOT (2.0,2.0,-3)

CALL F.AC-TCF (SNGI(SCALE)) .

23) CONTI:IUE

END

I C .
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C SUEEGUTINEF RF (N:,xNH,Y,P)

C

C -- THIS FOUTINE INTEGFATES 'lIKE R AY IFAjF-CTCJ'.Y AND TIAE 3F

C----PRGPAGATICN 2IF7ERENTIAL BQUATIONS --Y AIEANS 0? A

C----FOUEF17N CELER EUNGE-KJ-,TA A "CEIIH.! [JIN3 AN

C-----INTEG.-ATICN STEP SIZE OF H~ = XDELTA/lJ, ;JHEE XDE-L:A

-STEE DISIANCE INTER.VAL ALONG TFE E-AzTH'3 SRA

C -- FORE PRN'ING ANE PLOTTIN3G THE HEIGHT GAIN CJThVES3,

C------H = CiHO,-X AKF CHGoX IS A VARIABLE STEP SIZ:E SET BY f1:11
C---- EFPOl A7IICN AIG OP.ITHMI IN SU:3RCUTINB- RK-NTG.

C

IM1PlICIT FEAI*8(A-H,C-Z) .

DIMEN~SION Y(10),P(1O),YDC(10),EDCT1(1O), (1),4)

1,R (10,4) ,YN (10) ,PN (10)

C

cC SET UP INITIAL CONDITIONS
DO 5 1=1 ,N

YN(I)=Y (I)

5 ?N(I)=P (I)

6 C .

C SET UP A ICOE TC INTEGRATE THE DIFFERENTIA1 EQUATIONS

20 60 L=1,4

C C:ALL FO:JUINE TO SE'T UP TFE IDIFFERENTIAL EZiJATIONS

CALL AT CS (Y,P,YDOT,PDOT)

C

C :INTEGE-AT! 7FF D.IFFEENTIAI F UA71IONS

1O 0 C (1' ,2),30,4)),L ..

10 DO 11 I'= 1,1N

* 'S*Y71

106



R (1,) =HEDC (1)

P(1) PN (1) +R (1,L)/2.

X=XN+H/2.

GO TC 50

20 DO 25 K=1,N

2 (KI)=9*YDCl (K)

25 Y (K) =YN (K)+Q (K,I)/2.

R (11)=H*DCI(1) . .

P (1)=PN (1)+R (1,L)/2.

X=X N+H/2.

GO T.C 50

30 DO 35 K=1,N

Q (K,t) =H*YDCI (K)

35 Y (K) =YN (K) +Q (KI)

R (1,L) =H*EDOT (1) ..

P (1)=PN (1)+R (1,L)

X=XN+H

GO TC 50

40 DO 45 K=1,N

(K,I) =H*YDCT (K)

45 Y (K)=YN(K)+(C (K,1)+2.0*Q(K,2)+2.0*Q(K,3)+Q(K,4))/6.0

P (1)=PN (1)+(E(l,) +2.0*R (1,2)+2.0*R (1,3)+R(1,4))/6.0

XN=XN+H

50 CCNTINUE

60 CCNTINUE
C •

C CALl ROUTINE TO FIND THE VALUES OF THE DIFFERENTIAL

C EQUATIONS AT THE END OF THE INTEGRATION STEP.

CALl AT.ICE (1,P,YDOT,PDCT)

C

C S7CE; THE NEW DERIVATIVE CF THE RAY SLOPE

Y (3) =YDCT (2)

RETURN

107



ND
C-

C

SUBEOUTINE ATMCS (Y,P,YDCI,PDOT)

C

C ----- THIS ROUTINE CCMPUTES ATMCSPHERIC REFRACTIVITY AT ..

C------THE RAY AlTITUDE AND SETS UP THE RAY DIFFERENTIAL ..

C ----- EQUATIONS.

C

IMPLICIT REAI*8 (A-H,O-Z) 

CCfIMCN /CNECCM/ CRH,CRX,CEG,DTR,PHASE,THETA,C,C1,C2 .

1 ,RHO (51,30) ,PHI (51,30),PI, CMF,CNAJT, DENOT

2 ,FRQ,TPU,ABSRH,NHV, NSL, NRMS,JAREA, NDATA

CCMMCN /TliOCCM/ RA,DELX,AFS,AHO,ELC(51) ,EXAAX,XFINAL

1 ,JRAY

CCMICN /THRCC.M/ VX(30),YMIN,YMlAX,XDIV,YDIV

1 ,H(51,30),G(51,30),HN(100) ,RN(100),S(51,30) ..

2 ,JPIT,KEEF,KGRAr,KPICT,JPLCT,IPLACE,JCISE,NELO

3 ,NREF,NEAY,NPRO,NPLCT,NGRAL,SCALE

COMMCN /FCRCCM/ DNDZ(10O),RM(100),DMDZ(100),KMIR,

1 ,KMGBAr,NMIR,NMGRAr,HF(100),DATC-L

DIMENSION Y(10),P(1O),YDOT(1O),PDOT(1O)

C

C SET UP INITIAL CONDITIONS

CH=Y (1) ..

CG= Y (2)

C

C TEST FOR THE APPROPRIATE ATMOSPHERIC AODEL

IF (NPRO-1) 10,10,20 ..
C .

C FREE SPACE AND EXPONENTIAl MODELS

10 REFP=C1*rEXP(-C2*CH)

DLNrH=-C2*PHER*.0E-06/(REFR*1. 0E-06 + 1.0)
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GO TC 10

C

C THE ATIOSPHEFE IS STRATIFIED. SELECT THE APPEOPRIA:F

C MODEI. •

20 IF (JAR A-I) 50,50,60 --
C . .

C ALTITUDZ IS ABCVE THE HIGEEST REFRACTIVITY PEOFIL .

C DATA POINT. USE AN EXPONENTIAL MODEL WHICH FITS THI

C DATA.

50 EEFR=C1* r XP (-C2*CH)

DLNH=-C2EFR*1.0E-06/(iEFR*1. 0E-06 + 1.0)

GO IC 100

C

C ALTITUDE IS EELCW THE HIGEEST REFRACTIITY PROFILEK .

C DATA POINT. USE A PIECE-NISE LINEAR MODEL.

60 SLCFE= (EN (JAREA-1) -RN(JAREA) )/(HN (JAREA-1) -HN (JAREA))

B=RN (JAREA) -SLOPE*HN (JAREA)

C

C COMPUTE REFRACTIVITY FOR THE PIECE-WISE LINEAR MODEL

30 REFR=SLOPE*CH + B

DLNH=(SICPE*1.O-06)/(REFR*1.OE-06 + 1.0)

C

C COMPUTE THE ZEEIVATIVES FCR RAY TRACES

100 RAD=RA+CH

YDOT (2) =DLNDH* ((RAD/RA) **2 CG**2) + (2.0/RAD) *CG**2

1 + RAD/RA**2

Y 1o'I (1) =CG 

C

C COMPUTE TEE DEEIVATIVE FCR TIME OF PROPAGATION

* PDOT (1) =RAE* (REfR*1.0E-06+1.0)

1*DS RT(1.0+(FA*CG/RAD)**2)/(C*RA)

RETUFN

El D

C
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SU3ECU7INE SCA17

C----HlS EQUTINE CAI.CULATES 'IFE CCMPLEX SPECULAR

C ------ SCAVIERING CCEFFICIENT FCF WAVEFRCNT REFLECTION FRO

C ------ S !CCTH OF ROflGh LAND AND SEA SURFACES.

C

IMPLICIT FEAI*E (A-H,O-Z)

CC.21 CN /CNECCM' CRH,CRX, CEG,DTR,-HASE,IHETA,C,C1, C2

E 1 RHC (51,30),PHI (51, 30) PI, C,1F,CNAUT, DENCT

2 ,FF. ,-L,ASRH,NHVNL,NFMS,JAREA,NDA--A

DIMENSICN EPS(3,2) STG~iA (3,2) DELhiSL(9,2)

REAJL NI,NE

DATA EPS,IC/eO.DO,69.DO,65.DO,L4.DO,10.DO,30.DO,0/ *-

DATA STGLiA/4.3-0,6.5D;0,1.6D1,1.D-L1,1.6D-3,1.0D-2/

DATA DE-LHSI,/0.DC,2.OD-1,6.OD-1, 1.lD0,1.7D3,2.6D0

1, 4.3D0,8.6D0,1.29D1,0.DO,9.DO,30.DO,56.DO,112-.DO

2, 21L.DO,429.EO, 1288.DO

3,2. 146D3/

C

*C SET UP INITIAL CONDITIONS

I F (IC) 10,10,50

10 IC=1

JJ=NBMS+ 1

IF (NSL-1) 12,12,30 .

12 KK1l

IF (FRQ-15000C0000.) 14,16,16

14 11=1

16 I F (FRQ-50 C 0CO000. 18 ,20, 20

18 I1=2

GO TC 40
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20 1I=2

30 ?KK=2

!I=-NS- I

C

C CALCULATE TErE CGMPLEX DIIECTEIC CCNSTA:NT

A=DEQET (FE**2+EI**2)

ALPHA=DAIAN2 (EI,ER)

DELI1AH=DEHS1(JJ,KK)

C

C CHECK WHICH FOLARIZATION IS BEING USED

50 IF (\HV-1) 60,60,70

S C

C HCRIZONTAI ECI.AFIZATION

60 NR=EIN (TEETA) -DSQRT (A) *:COS (ALPHA/2.)

NI=rDSQRT (A) *IiN(AIPiA/2.)

JR=EUN ('IHEIA) +.rSQRfr(A) *rCCS(ALEHA/2.)

DI=rSQ-RT (A) *rSIN(ALPHA/2.

GR=(NE*D-NI*DI)/(DIP**2+rl**2)

3O TC so .

C .

C 7ERIICAL FOI.APIZATION

70 NrR=E2QRT (A) *CS(ALPA/2.)*)s1N (ThETA)-l.0

NI=ESQRT (A) *rSIN(ALPHA/2.)*DSIN (THETA)

DE=1SQiT (A) *DCOS (ALPHA/2 * IN (THETA) + 1.

D1-=cEQRT (A) *ESIN (ALPHA/2)*DS:N (THET A)

GH= (NE*DR+N*I)/(DE**2+E!**2)

GI= (NP*DI-N:*DE)/(DR **2.rI**2)

C 4

C CALCULATE THE CCLPLEX FBESNBL REFLECTION COEFFICIENT.

0 ~80 ABSEF=DSrT (CGB**2+GI**2)1



PHASE=DATAN2 (-GI,3R)

C

C CALCULATE 7EE TCTAL SPECUIAR REFLECTION COEFFICIZNT
AESEH=ABSFH*;EXE (-0.5* (L .0*?I*D ELTAH*DSIN CTHETA)

1 *FR/C) **2)

RETUEN
END•.

C

S UBCUTINE HGAIN

C

C ----- T HIS ROUTINE CCMPUTES FIELD STRENGTH AND POWER DENSITY

C------HEIGHT-GAIN FUNCTIONS (ONE-WAY FIELD STRENGTH AND

C------POWER DENSITY NCREALIZED 7O FREE SPACE VALUES) AT

C------"XDELTA" DISTANCE INTERVALS ALCNG THE SURFACE OF THE

C ..... EARTH. HEIGHT-GAINS ARE CETAINED FROM CALCULATIONS AT

.C-----200 "WINLC S", CR ALTITUEB INCREMENTS, EXTENDING

C-----VERTICAL:Y BETWEEN THE HIGHEST AND LOWEST RAYS WITHIN

C------THE SPECIFIEr PIOT LIMITS.

C

IMPLICIT FEAI*8 (A-H,O-Z) • •

CC:iMCN /CNECCM/ CRH,CRX,CRG,DTR,PHASE,THETA,C,CI,C2

1 ,RHC (5 1,30),PHI (51,3G) ,PI,CMF,CNAUT,DENOT

2 ,FRQ,TPA,AESRH,NHV,1iSL,NRMS,JAREA,NDATA

COMICN /TWOCCM/ RA,DELX,AHS,AHO,ELC(51) ,EXMAX,XFINAL •

1 ,JRAY .

CGMMCN /TBRCCM/ VX(30),YMIN,YMAX,XDIV,YDIV

1 ,H (51,3C) ,G(51,30) , HN(100) ,RN (100) ,S (51,30)

2 ,JPLT,KREF,KGRAL,KPICT,JPLCT,IPLACE,JCASE,NELO .

3 ,NREF,NEAY,NPRO,NPLCI,NGRAD,SCALE

CCMMCN /FCBCCM/ DNDZ(100),RM(100),DMDZ(10J),KMIR

1 ,K.GiAr,NMIR,NMGRAD,HF(100), DATCTL
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DI4FNSIGN L (51),TDIF (30),ESIG(30) ,PSC(30)

1, TSIG (30) ,ESIG ' (30) , PSCT (30) ,TSIG (30)

DATA ZDIV/40.ODO/

C SET UP INITIAl CONDITIONS

DO 5 I=1,-0-.

TDIFF(I) =0.0

ESIG (I) =0.0

PSC (I)=0.0

TSIG (I) =0.0

SIGT (1) 0..

PSCT (I) =0.0

TSlG (I) =0.0

5 CCNZINUE

DO 6 I=1,51

L (I) =0.0

6 CCNIINUE ..

RI=EA+AHC..

XN=EELX/XDIV

YN=YMAX/YrIV

Y S=AHS/YDIV

NP=200

C

C SET UP A ICCF TO CALCULATE RELATIVE FIELD STRENGTH OR

C POWER DENSITY AT EACH INCFEEENT OF DISTANCE.

DO 1000 K=2,IPLACE

iLO=YMAX

I=VX (K) /RA

C

C FINE HIGIEST AND LOWEST RAYS

DO 1CO I=1,NELC

H'LO= ,MIN I ( LC,H (1,K))•

100 C CN'INUE

SHHIDMIN 1(H (1,K),Yl1AX) ..
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HDIFF=HHI-HLC

HTEB=rABS (F (I F) -F (2, K))

C EXIT IF AIL SAYS EQ UAL GE EXCEED THE MIAXIMUM:* ALTI-UDE-

IF (HLO-YMAX) 150,1100, 1100

C

C HIGHEST AND LOREST PAYS.

150 WINrC'4=tiZIFF/19O.

HNOV=HHI- 5INrO WI10.

HFINiAL=HlC+'.%NDCW/10.

SW P =HI]NO W- HEIN AL

C

C FINr THE ALTITUDE INCREMENT FOR EACH NEW WINDOW

C POSITlIONl.

DH=EWP/FLCAT (NP)

HNON=HNOW+DH

a C
C SET UP A LOCE TC POSITION THE WINDOW EVERI "DH"' FEET

C IN AITITUDE.

DO 900 J=1,NE

HNOW=HNOW-DH

C

C CALCULATE THE UPPER ANGLE LIIT SUBTENDED 3Y 'THE

C WINLCW IN FREE SPACE.

DSQ=IR1**2 + E2**2 - 2.0*El*F2*DCOS (U)

El=DARCOS((D)SQ + (R1*DTAN(U))**2 - (Rl/DCOS(rJ)-P2)**2)

1/ (2.O*R 1*DTAN (U) *DSQRT (DSQ) ))
IF (E1/DCCS(U).G-.R2) E1=-El

C

C CALCULATE THE LOWER ANGLE LIMIT SUBTENDED BY THE

C WINEOF IN FREE SPACE.

E2=RA+HNC~i-INDGW .
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DSQ=E1**2 + F2**2 - d2.0*F1*E2*DCOS (U)

BE2=EAa CC S((DSQ.- + (Rl1*DT AN (EJ)**2 - (R 1/DCOS (UJ)-F.2) **2)

4 1/ (2.0*R 1 *r A (U) *DSQFT (DS'Q) )
IF (E1/DCCS (U).GT. R2) E2=-E2

7D IF F=DSQFT (EAES (E 1-12) /'7P)

C

C :A-LCULAT1E TEE ELEVATION ANGLE Of THE -C 1ITTEP A: THE

C WINDCW.

R 1=RA+HNCW-VINDGW/2.

R 2,-=EA+A HC

DSQ=R1**2 + E2'**2 - 2.0*Pl*R2*DCOS (U)

A0=flAiCOS ( CSQ + ( 1 *DTAN (U))**2 - (F1/DCOS (T U F2)**2)

1/ (2 . O*R 1 *ETlAN (U) *DSQI-T (DSQ) )
I F (F 1/CCCS (U) . GT. R2) A 0=-AO

C

C SET UP THE WINDOW ALTITUDE PLUS ITS UPPER AND LOWER

C 3OUNLARIES.

HUP=HNOW

C

C SET UP CONTECL INTEGERS FCR EACH RAY

DO 220 I=1,NELC

IF (H(I,K)-HUP) 20 0,20 0, :1

200 lF (H(I,K)-HDN) 215,205,205

205 L(I)=2..

30 IC 220K210 L(I)=3
GO TC 220

215 L (I) =1

220 CCNTIINUE

C

C SET 02 INITIAL CONDITIONS

E=0.0 .



J SLCP=O •.

LC=c

: EL=NELO- 1
DO 225 IFE1 ,2

TDTFF (IFS) =0.0

225 ZSIG (IFS) =0.0
Ci

C SET UP A ICCi WHICH SCANS EAY HEIGHT VEESUS ELE7ATIOY
C ANGIE..• CI

DO 6C O =1, L

IF (I-I) 226,226,230

226 IF (41)-2) 230,600,230

230 J TASI=JSLC E S
JC=IABS (I ()-i (I+1))

IF (L(I)-I(I+1)) 260,600,240

C

C NORMAL RAY OBDE. 0

240 JSLCPE= 1

IF (JLAS-1I) 280,280,310

C

C INVEFTED RAY 0CER "*

260 JSLCPE=2

IF (JLAST-1) 280,310,280

C

C EITHE? CNE OR rIIvG WINDOW lIMIT CRCSSINGS

280 IF (JC-I) 30C,300,380

C

C ONE INDC LIMIT CROSSING

300 LC=LC+1 ..

IF (IC-i) 34C,340,360

C

C RAY CRDER FEVBFSAL OCCUES. CHECK IF O3E OF :WO

C !-INECW LIMIT CRCSSINGS. . .
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0

310 IF (JC-1) 32C,320,230

C

C JNE WINDCW LIMI' CROSSING. CHECK IF RAY REVEjiSAL

C OCCCRS INSIDE 0-, OUTSIDE HE WINDCT.

320 IF (IC) 220,230,560

C

C FIRST WINDCW LIMIT CROSSinG

340 J1=I

30 TC 60C

C

C SECCND WINDCm CBOSSING

363 J2=1+1

C

C FINE WHIC RAYS LIE ABOVE AND BELOW THE WINDOW CENTER

* DO 370 J12=J1,J2

IF (JSLOPE-1) 3E2,362,364

362 IF HH-H(JI2+l,K)) 370,366,366

364 IF (HH-H(JI2+1,K)) 366,3f6,370

366 KI=J12

K 2=J 12+1

30 TC 440..

370 CGN IN UE

C

C BO:H WINDCI's LIMITS CROSSED. CHECK FOR "RADIO HOLE"

330 IF (EABS (H(i,K)-H(I+1,K))-5.0*HTB) 390,390,560

C

C BOTH WINECW LIMITS CROSSER. NO "RADIO HOLE" HAS BEEN

C FCUND.

390 JI=I

J2=1+1
K 1=31 .

K2=J2
C
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C 714E INCEEEIINl 07 RAYS AT THE 'INDCW HAS 3EEN -FOUND.

C CHECK IF BAY CRDE-F. 1S NOFE.L CR INVZRTED.

440 !17 (JEL~r-H-1) L4tO,46C,148C 0

C N CE IAL R AY CEDEF. CALCULATE THE UPPER AND LO

c ANGIES SUETENDEDZ BY THE NINDOiV.

460 EUP=EL0(1-Ec*HJ,)HJ)/:(1K-(11K).

.DN=ELO (J2) +EENCT* (HDN-H (32,K<) ) /(H (32- 1,K) -H (J2,K))

E=DSQRT (EUP-EDN)

SPSzCAI=PHil (31 ,K)

RS5C AT= RHC (J1 ,K)

30 :C 500

C

C INVEETED RAY CREER. CALCULATE THE UPPER AND TOWER

C ANGLES SUBETE1DEE BY THE 'iINDCW.

480 EUP=ELO (32) +EENCT* (H (J2,F)-HIP) /(fi (32,K)-H (J2-1,K))

E ,N=ELO(Jl)-EENCT* (HD-H(,K))/(H(J1+1..K)-H(J1,K ))

PSCA'I=PHI (J2 K)

RSCAT=.HC (32,K)

C

C SET UP INITIAL CONDITIONS TO CALCULATE M EAN ELEVATION

C ANGIE ANZ MEAN TIME CF AFFIVAL.

500 K'0CT=KTOTI~1

* 1/ (d (Ki1, K) -H (F2, K) ) .

A'LPH=-S (Kl,K)+ (S(Kl,K) -S (K2,K) ) *(jH (Kl,K)-HH)

l/ (H (Fl,K) -9 (F2,K))

C

a C CALCULATE ANGLE INCREMENC OF EACH WAVEFECN2 .

-SIGT(KTCTI) =E*7SCAT*C3Q7(DC0S (A0)/DCOS (AL?H))

C
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C ? ESET DiI7IAL CCNDI':IONS 70 CODNTIN' 'T SCAN OF

C HEIGHT VS AiCLE-.

C,56J LC=Ck

6.0) CCNTINUE

C

C CHECK IF ;INZCW IS IN A SHADOW REGION FESU.LTINlG -7O ! A

I C CAUJSTIC.

IF (KTOT) 780,78,0,610

C WI~rP--, IS NCI IN A SHADOWi REGION. P U: WAVEFRONTS

(c OB-DER OF 7HIEIR TI ES-OF-AFRIVALT

610 COCN 7INUE7

DO 660 IS=1,KTCT

D DC 6 50 F =1 FT CT

T.l!N=D~lINl1(T lIN,TS OT (IR))

I.- ( -rYIN- SIT(IP)) 640,E--0,640 *

63) I IIN=IR

640 CCN'IINUE

650 CCNTINUJE

7STG (IS) = ISIGT (.IIN)

.SIGT (I:IIN) =23. C

660 CONTINUE

L CHECK IF MORE THAN ONE 'AAVEFRONT IS PRESENT IN 'THE

C w IN rcw.

1 F (KTOT- 1) 70G 70 0 ,66 5

C CALTCULATE TIME LIFFEEENCE CF ARRIVAL ('.D .0.A.)

C 3ET6EEN FlAVEFRCNTS.

665 CCNTINUTE
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C 7:i~C CALC~jL A 'I ::A L-L ZD K:E37: Ch

F F ENS IY 1 F WA 7E F EC NTS JDVE ,A P .1 J

D&7-- 9 FI=1,KTCC

IF ( (FI-P)710,71C,720

71) 3% 7:6.11 (IF:) *- ICOS (PSC (IF I) -2. *F3

7 C7 C IN I' IL TE3HI O O O ACLCO
S'S

I? ELY/DFF000001 780, 730,730

C CHECK IF FIELD STRENGTH Ci ?O IER DENSITY IS TcO BE .

C COM1FUED. .

730 IF (NPLCT-1) 740,750,760 .

740 IF (KPLO-1) 75C,750,760 .

4c CALCUL-ATEF TCCAL RELATIVE FIELD STSFNGCH. S

75C SP=10.*DlCG10(ESU.i-/EDIFF)

50 :C 800

CALCUJLATE TAI PELATIVE CWEP DENSITY.

7r; S 3P=20. * DC G 1C (ESUL"EDI F)

30 TIC 330

C SET FIE--' SIFENGTH AND PC~iEE DENSITlY FOR A SHADOW . .

C 5 EG ICN.

78J 3Th=-lA'CCC0.CQ

1 20



C ?FINT HEAEIN AND RAY HEIGhTS I F HSI

c DISTANCE.

c 800 IF CJ-1) E10,81C,820
810 CO0N'TI NUE

XNAUTIVX (!K)/CNAUT

IF (KLGT-1) E16,812,814

812 PRINT 1200,XNAU-1

* GO TC 816

814 PRINT 1210,XNAUT

C

C PCSITION THE PEN AND DRAW THE NEi CRDINATE AXES IF

C THEEE IS A PICT.

816 IF (NPLOT) P20,e20,818 .

818 CALI PLOT (SNGL(XN) ,O.0,-3-) .

6CALL PLOTI (0.0,SNGL(YS) ,2) .

CALL PLOT (0.0,SNGL(YN),2) .

CALI PLOT (0.0,0.0,3)

I COrE=3

6 C

C PRINT THE RELATIVE FIELD STRENGTH OR POWER DENSITY AND

C NUMDBEE OF AVEFEONTS IN HEIGHTI-GAIN CALCULATIONS.

820 IF (KPLO-1) S1:40,EL0,830

C830 PRINT 1220,0,HH,S? i
C SET PARAMETEES IF THERE IS A PLOT.

840 IF (NPLOT) 900,900,850

850 Y=HH/YDIV

c

C CHECK IF YIELD STRENGTH CF POWER DENSITY IS TOO LOW

C FOR ELO7IING.

IF (SP+40.0) E60,870,870

C

C

121



C FIEIE S:,7ENJTIH CR POWER ZENSICY LESS f!N- ~
c :uR.N 07. ECITIZB.

800 X =-40.0/ZZIV

CALL PLC'I (SNGL(X) ,SNGI(Y),ICJDE)

ICOrE=3

(GO 'IC 900

C PLCT C.OTAl EiLATIVE FIELE STRENGTH CE POW Ei DENSITY.

870 X=SE/ZDIV

fIF (J-1) EEo-,8E0,882

80ICOLE=3

GC 'IC 884~

882 ICOI:E=2

884 CA Ll PLOT (SIG..(X),SNGl(Y),ICODE) . -

II

900 CONTINUE

1000 CONTINUE

C

cC POSITION THE PEN IF THERE HAS BEEN A PLOT.

1100 IF (NPLOT) 1120,1120,1110

1110 CALL PLOT (0.,0.,-999)

CALL PLOT (2.0,2.0,-3)
* ~CALL FAC'ICR (SNGL(SCALE) )

1120 CONTINUE *

RETIJEN
C I
1200 FGRMA: (///,1X,'PRINTOJT CF FIELD STRENGTH AND '

1'T.D.O.A. S AT X =' ,F8.2,2X 1
1NAUTICAL .ILES',

2//SXI'NO.',8X,'IiEIGHT (FT)1,6X, 'FIELD STRENGTH (DB)')

1210 FORMAT C/, X,PRINTOUT CF POWER DENSITY AND ,

4 l'T.E.O.A. S AT X ..F8.2 2X,INA JTICAL AIL ES

2//5XNO.',8X,' EIGH (FI),7X,'POWER DENS)ICY (DB))

1220 FORMAT (4X, 3,.8XF10.21XE12.2)

E ND

C ..

12
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SUgECUTINE PICR..

C

C ----- T HIS EOUTINE SETS UP THE AXES FOE ALL PLOTS.

C

IMPLICIT FIAI*8 (A-H,O-Z) .

REA1*4 AHr,TIL,XTL,YTL,TIE

CCMMCN /TWOCCM/ RA,DELX,AES,AHO,ELC(51) ,EX-IAX,XFINAL

1 ,JRAY

CCM MCIN /IHECCM/ VX (30) ,YMIN,YMAX,XDIV,YDIV

1 ,H (51,30),G(51,30) , HN (100) ,RN (100) ,S (51,30)

2 ,JPLT,KEEF,KGRAD,KPICT,JPLCT,IPLACE,JCASE,NELO

3 ,NREF, NEAY,NPRO,N PLCI, NGRA D, SCALE

COM MCN /FCRCCM/ DNDZ (1O0),RM(100),D 1DZ(100) ,KMI E

1 ,KMGRAE, NlIR,NMGRAD,HF(100) ,DATCTL

DI MENSION AHZ(18),TT1L(18),XTL(18),YTL(18) ,TLE(18)

DATA YSIZ,SIZE/5.0D 0,1.50D-l/

DATA IZTI,ZSIZ,ZMIN,ZDIV/10,1.0D0

1,-2.QD1 ,4.CD1/

C SET UP INITIAl CONDITIONS IF THIS IS THE FIRST PLOT

IF (JPLT) 13,10,20

10 Y DI V=(Y[IA X-YI N)/YS IZ .

YDIVA=YDIV/iCOO. 3

YMINA=Y!iIN/1000.0

YPT=YSIZ+ 1.3
ZP=YSIZ+0.5

YS= (AHS-YMIN)/YDIV

JPLI=1 ..

C

C REAL PLOTI SCALE FACTOR ANL PLOT BANNER.

REAL 110,SCAIE

REAL 120,IAHZ, (AllD(K),K=1,18)
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C •.

C I:IIIALIZE TEE PLOTTER ANZ SCALE THE PLOI SIZE.

CALL PLOTS (C,0,O)

CALl PLOT (0.,0.,-999)

CALL SETMSG (2) I
CALL FACICE (SNGL(SCALE))

C

C POSITION THE PEN AND PRINT THE PLCT BANNER.

15 CALL PLOT (8.0,8.0,-3)

CALL SYMBCL (0.0,0.O,SN0I(SIZE) ,AHD,00.0,IAHD)

C

C POSITION THE PE FOR THE NEXT PLOT.

CALL PLOT (0.,0.,-999)

CALL PLOT (2.0,2.0,-3)

CALL FACTCE (SNGL(SCALE))

C

C READ AXIS IABEIS AND TWO LINES OF PLOT TITLES.

20 REAL 120,IXTI, kXTL(KF,K=1,18)

READ 120,IYl, (YTL(K),K=1,18)

REAL 120,ITI, (TTL(K),K=1,18)

READ 120,ITLE, (TLE(K),K=1,18)

C

C CHECK WHICH FLCT THIS IS.

IF (JPLOT-5) 22,24,26

22 CONTINUE

IF (JPLOT-2) 30,40,60 ..

C

C SET UP INITIAL CONDITIONS FOR MODIFIED INDEX OF

C REFRACTIVITY PRCFILE AND GRADIENT PLOTS.

24 CONTINUE

XMAX = 520.0

XMIN = 0.0

GO TC 50

26 CONTINUE ..
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XM1AX =350.0

C" GO 'IC 5.3
C

C SET UP NITIIAL CONDITIONS FOR REFEACT1ITIP PROFILZ

C AND GRADIENT PICTS.

30 XMiAX=400.O

XMIN0. 0

GO 'IC 50

40 XMiAX=20-3.O

XMIN-600.0

50 X S IZ=4.0

XDIV=(X~IAX-XtIN)/XSIZ

XDIVA=XDIV

0 ~GO 'IC 70

C

C SET UP INITIAL CONDITIONS FOR RAY TRACE, FIELD

C STRENGTH, AN PCWER DENSI'IY PLOTS.

60 XMAX=EXM1AX

XMIN0. 0

XSIZ=10. 0

X DIV= (XMAX-X? IN) /XSI Z

XDIVA=XFINAL/XSIZ

XPE=X SI7- C . 5

C

C SET UiP PABAf1BTEES FOR AXIS IABEIS AND PLOT TITLES.

70 XT'IL1 (XS12-SIZE*ITTL)/2.

X-&LE(XSIZ-SIZE*ITL2E)/2.

C

C DRAW AND IABEI THE AXES.

CALL AXIS (0.0,0.0,YTL,'lM,SNGItYSIZ),90.0,

CALI AXIS (0.O,O.3,X'IL,-IXTL',SNGL(XSIZ) 0.3,

* 1SlGl(XIIlN),SNGI(XDIVA))
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A1

C

C PFINI THE FLCO UITLES.

74 CALL SY)IBCL (SNGL(XT L),SNGL(YPT),SNGL(SIZE),7T'L,J.),

CALL SY.!ECL (SNGL(XTLE) ,SNGL(ZPT),SNGL(SIZ;) ,TLE,').0,

1ITLE)

C

C DRAW THE FEFE ENCE SCALE FOR ALL FIELD STRENG3TH AND

C POWER DENSI[T PLOTS

IF (JPLOT-5) 78,82,82

78 CCNIINJE.

IF (JPLOT--) 82,82,80

80 CALL AXIS (SNGL(XRE),SNGI(ZPT),1OH GAIN (D3),-IZTL,

1SNGL(ZSIZ),O.O,SNGL(ZMIN),SNGL(ZDIV))

CALl PLOT (SNGL(XSIZ),SNGI(ZPT) ,3)

CAll PLOT (SNGL(XSIZ),SNGI(YPT) ,2)

82 CALL PLOT (0.0,0.0,3)

C

C DRAW THE EARTH SURFACE IF NOT AT ZERO MEAN SEA LEVEL..

IF (AHS-YMIN) 86,86,84 . .

84 CALL PLOT (0.0,SNGL(YS) ,3) ..

CALL PLOT (SNGL (XSIZ),SNGI(YS) ,2) ..

CALL PLOT (0.0,0.0,3) ..

C

C POSITION THE PEN FOR THE REFEACTIVITY GRADIENT

C PROFILE PLC'.

86 CONTINUE

iF (JPLCT-2) 88,90,88

88 CONTINUE

IF (JPLCT-5) 100,90,90 ..

90 XN= -XIIN/XDIV

CALL PLOT (SIGL(XN),0.O,-_)

100 CONTINUE

105 RETUBN
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C

C'" 120) FORMAT (12,8X,17A4$,A2)

.D

C

BLOCK DATA

C SUBRCJTINE ELOCK DATA.

IMPLICIT" REA11*8 (A-H,O-Z)

C.OMMCS /CNECCM/ CRH,CBiX,CiEG,D R,PEiASE,THE-TA,C,C1,C2

1 ,RHC(51,30),P9HI(51,3C),PI,CIF,CNAiJT,DE,40T

2 ,FRQ,TEW,ABSRH,NHV,l SL,NEMS,JAR--A,NDATA

COMMON /1TROCCM/ RA,DELX,AHS,AHO,ELC(51),EX4AX,XFINAL

0 1 ,JRAY

CCMMfCN /IHBCCM/ VX (30) ,YMIN,YM'AX,XDI-V,YDIV

1 ,H(51,30),G(51,30),EN(100),RN(100),S(.-1,30)

2 ,JPLI,KEEF,KGRA-,KPICT,JPLOT.,IPLACE,JCASE,NELO

03 ,N-EF,NBAY,NPRO,NPLG'I,N,3FAD,SCAIE

DATA RHO,EH/1520*0.DO,15--0*0.DO/

DATA FLO/r-l*C.D0/

P- DATA VX,E,G,HN,EN/30*0.DO,1530*0.DO,1530)DO,

1100 *0. DO ,100*0. DO/

DATA 3/15.30*C.D0/

DATA DT,FA,PI/1.7453D-02,2.0925D+07,3.1o4159D0/

DATA CAIr,CNAET/2-.281 DO,6.076D3/

ENDo

//GC.SYSIN DD

0 1

0

2

8

* 16250. 3E.330.
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2672. 233.4C.1

2595. 236. _I.

("1 1480. 274.4E6

1466. 272.2535

333. 314.SE5

72. 351.313

23. 357.4E1

75.45 90.

70. 00 500C.

20.00 200. 0..

0.50 -0.50

2900.00 6.50

1 2 3

1 1 C 0 1 1

1 1 1 1 1 1

1.00

12 19 APE 1S84

22 REFRAC'IVITY (N-UNITS)

38 HEIGHT ABOVE EARTH (THOUSANDS OF FEET)

32 ATHOSEHERIC REFRACTIVITY PRCFIIE

42 EHAHRAN, SAUDI ARABIA - 1 MAY 1978, OOOZ

tl 34 REFRACtIVITY GRADIENT (N-UNITS/KM)

38 HEIgE7 ABOVE EARTH (THOUSANDS CF FEET)

29 REFRACIIVITY GRADIENT PROFILE

42 CHAHRAN, SAUDI ARABIA - 1 MAY 1978, OOOOZ

40 MODIFIED INDEX OF REFRACTIVITY (M-UNItS)

38 HEIGHT ABOVE EARTH (THOUSANDS OF FEET)

38 MODIFIED INDEX OF REFRACTIVITY PROFILE

42 EHAHRAN, SAUDI ARABIA - 1 MAY 1978, 0030Z

42 MOD INDEX OF REFRAC GFADIENT (M-UNITS/KN)

38 HEIGHT AECVE EARTH (TECUSANDS CF FEET)

43 1OD INDEX OF REFRACTIVITY GRADIENT PROFILE

42 EHAHEAN, SAUDI ARABIA- 1 MAY 1978, 0003Z

0
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37 LISTANCE ALCNG EARTH (NAUTICAL .ILES)

38 FEIGHT AECVE EARTH (qICUSANES OF FEET)

56 PAY TFACE FCR DHAHRAN, SAUDI AFAEIA - ..

*LINE CCN': *  1 MAY 78, 0000Z ..

56 HO = 90 FT RAY ANGLES FrOM -0.5 TO 0.50 ..

*LINE CCN'IT* DEGREES . .

37 DISTANCE ALONG EARTH (NAUTICAl AIiLES) ..

38 hEIGhl ABCVE EARTH (THOUSANDS OF FEE:) ..

58 EEL ILD SIR - DHAHRAN,SAUDIA ARABIA -

*LINE CCN'7* 1 MAY 78, O000Z

56 HO = 90 FT RAY ANGLES FECM -0.5 20 0.50

*LINE CCN' l* DEGFEES

0 EXAMPLE OF THE CTHER EATA SET:

2

9

16550.000 38.939 2637.287 -6.760 150.238

3161.000 20--. 4S3 699.770 -19.978 137.021

2478. OOC 217.128 606.184 -5. 109 151. 892

2209.000 218. 512 565.325 -30. 442 126.558

1488.00C 240.461 474.077 -41. 159 115.841

627.000 275.8S9 374.338 -34.524 122.477

374.000 284.634 343.351 -164.929 -7.929

49. 000 338.235 345.928 26. 602 183.603

23.000 337.544 341.155 200.000 350.0)0

75.45 90.

70.00 5000. ..

20. 00 2CC ..0

0.50 -0.50

9800.00 1340.00

1 2 3
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0i

1 0 C 0 0 0
1 1 1 2 1 1 .

(7 i 1.00

12 26 APE 1S84

22 RTFRACIVITY (N-UNITS)

38 HEIGHT ABOVE EARTH (THOUSANDS O FEET)

32 ATMOSiEEEIC REFRACTIVITY PRCFIIE ..

42 EHAHRAN, SAUDI ARABIA - 23 MAY 1978, 0)00Z

34 EEFRACIVITY GPADIENI (N-UNITS/K.-I)

38 HEIGiET ABOVE EARTH (IFCUSANDS CF FEE:)

29 EEFRACIIVITY GRADIENT PROFILE

42 DH-AH:AN, SAUDI ARABIA - 23 MAY 1978, O330Z

40 MODIFIED INDEX OF REFFACTIVITY (Mi-UNITS)

38 HEIGHT ABOVE EARTH (THOUSANDS OF FEET)

38 MODIFIED INDEX Of REFACTIVITY PROFILE

42 rHAHRAN, SAUDI ARABIA - 23 MAY 1978, O0000-

42 MOD INDEX OF REFRAC GRADIENT (M-UNITS/KM)

38 HEIGHT ABOVE EARTH (THOUSANDS OF FEET)

43 MOD INDEX OF REFRACTIVITY GRADIENT PROFILE

42 DHAHEAN, SAUDI ARABIA - 23 MAY 1978, OOOOZ

37 DISTANCE A:CNG EAET9 (NAUTICAL MILES)

38 HEIGHT ABOVE EARTH (THOUSANDS OF FEET)

56 RAY TRACE FCR DHAHRAE, SAUDI ARABIA -

*LINB CCNT* 23 MAY 78, O000Z

56 HO = SO FT RAY ANGLES FRGM -0.5 TO 0.5)

*LINE CCN'T* DEGFEES

37 DISTANCE ALONG EARTH (NAUTICAL MILES)

38 HEIGHT ABOVE EARTH (THOUSANDS OF FEET)

58 EEL FLC STE - DHAHRAN,SAUDIA ARABIA -

*LINE CCN'IT* 23 MAY 78, O000.

56 HO = 90 FT RAY ANGLES FECM -3.5 TO 0.50

*LINE CCN'I* DEGREES
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